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1.0 INTRODUCTION

Brown & Root Environmental (B&R Environmental) prepared this Site Investigation Work Plan for the Navy
Disease Vector Ecology and Control Center (DVECC) underground tank, ancillary drains, and sink room
at Building 937 (the DVECC Building 937 Site) at Naval Air Station Jacksonville, Florida (NAS JAX). This
task is authorized by the U.S. Navy (Navy) Southern Division Naval Facilities Engineering Command
(SOUTHNAVFAC) under Contract Task Order (CTO) 0014, for the Comprehensive Long-term
Environmental Action Navy (CLEAN 1I1) Contract Number N62467-94-D-0888.

This Work Plan has been integrated with the Sampling and Analysis Plan (SAP) and describes the data
collection efforts necessary to assess the vertical and horizontal extent of contaminants of concern in the
subsurface at the referenced site. The data collected during the investigation will be used to prepare a
Site Investigation Report and to support the RCRA closure of the DVECC Building 937 Site.

The Health and Safety Plan for this project is maintained under separate cover

11 GENERAL SITE DESCRIPTION

The DVECC Building 937 Site is located at Building 937 at NAS JAX within Duval County in Section 27,
Township 35, Range 26E. NAS JAX is bound by Roosevelt Boulevard on the west, the St. Johns River on
the east, and residential areas to the south and north. The location of the DVECC Building 937 Site
within NAS JAX is illustrated on Figure 1-1.

1.2 OBJECTIVE

The objective of the proposed investigation is to evaluate the extent of soil and or groundwater impacted
with the compounds listed in Table T-1 of the October 24, 1995 NAS JAX letter to Florida Department of

Environmental Protection (FDEP). A copy of the NAS JAX letter to the FDEP with attached Table T-1 is
included in Appendix A of this Work Plan.
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2.0 SITE DESCRIPTION

The DVECC Building 937 Site is located on Child Street immediately south of Pesticide Shop Building 536.
The Base golf course is across Child Street to the east of the site. Recreational fields are located south
and west of the site. DVECC has occupied Building 937 since 1978. For the period from 1978 to 1988
the DVECC Building 937 Site consisted of a mixing sink and associated piping located in the south end of
Building 937, and a 1,000-gallon fiberglass underground storage tank (UST) and ancillary support areas
used to collect and contain rinse water from the pesticide mixing equipment. The UST was located south
of Building 937. The area surrounding Building 937 is mostly paved. The pesticides known to be used at

the facility include DDT, Chlordane, Malathion, Baygon (propoxur), Diazinon, Dursban, and Dibrom.
21 SITE BACKGROUND

During October of 1995, the underground tank was removed by Bechtel Inc. (Bechtel). Rust Environment
and Infrastructure Inc. (Rust) provided the oversight of the tank closure activities. The October 1995 Tank
Closure Report, prepared by Rust, indicated that 33 drums of 55-gallon capacity and four rolloffs (no size
reported) of waste soil, concrete, asphalt, drain piping, »and the underground tank were removed from the
site.

Laboratory analyses of soil and groundwater samples collected during the tank closure activities indicated
the presence of chiorinated pesticides and chlorinated herbicides. A copy of the laboratory data from the

October 1985 Tank Closure Report is available under separate cover.

The October 1995 Tank Closure Report indicates that the depth to groundwater at the site is
approximately seven feet bls. However, no indication of groundwater flow direction is given and no data
indicating the groundwater flow in the immediate area of the site is available. A very large scale
groundwater flow map of NAS JAX is available but the map is of such a large scale that it is of limited

value for site-specific use.
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3.0 SITE INVESTIGATION

3.1 DATA QUALITY OBJECTIVES

SOUTHNAVFAC policy is to apply the data quality objectives (DQOs) decision making process to all data
collection activites. The DQO process is a strategic planning approach developed by the
U.S. Environmental Protection Agency (USEPA) (Guidance for the Data Quality Objectives Process,
USEPA QA/G-4, 1994) that is based on the scientific method and is used to prepare for and implement
data collection activities. The process provides a systematic procedure for defining the criteria that a data

collection design should satisfy, including when to collect samples, and how many samples to collect.

The DQO process as applied to the NAS JAX DVECC site is relatively straightforward. The cverall
objective of this Site Investigation is to assess the soil and groundwater at the DVECC Building 937 Site to

determine if the site meets the criteria for final RCRA closure.

The following four DQOs have been identified for the DVECC Building 937 Site and were used to develop
this Work Plan:

DQO-1 Determine if soil and groundwater at the DVECC Building 937 Site meets the analytical
criteria for final RCRA closure. The compounds of concern and the analytical criteria for closure are listed
in Table T-1 of the October 24, 1995 NAS JAX letter to FDEP (Appendix A).

DQO-2 Determine the horizontal and vertical extent of soil and/or groundwater impacted by the
compounds of concern through the installation of soil borings, groundwater monitoring wells, laboratory

analyses of samples, and aquifer testing.

DQO-3 Test for the presence of the compounds of concern listed in Table T-1 (Appendix A) using
the Method Detection Limits presented in Table 5.2 of the October 24, 1995 NAS JAX letter to FDEP
(Appendix A).

DQO-4 Evaluate the resuits of the Site Investigation and make recommendations of options for
obtaining RCRA closure of the site.

3-1 CTO-0014
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3.2 SITE INVESTIGATION TASK SUMMARY

As described in the DQOs, the primary goal of this Site Investigation is to determine the horizontal and
vertical extent of any soil and or groundwater contamination exceeding RCRA closure requirements. A
secondary goal is to present options for obtaining clean closure for the site if any soils or groundwater

exceed RCRA closure criteria.

In order to accomplish the primary and secondary goals, the following tasks are planned:

« Field mobilization and demobilization coordination including a pre-investigation meeting with NAS JAX

personnel;

o Drill five shallow (<15 feet deep) borings and one deep boring (<30 feet deep). Obtain continuous

split-spoon samples from the deep boring to evaluate site lithology;

+ Collect soil samples at one foot below land surface and one foot above the top of the water table from
the six borings for the purpose of determining horizontal and vertical extent of impacted soils. Analyze
soil samples using accelerated laboratory turn around time (TAT) for the compounds listed in Table T-
1 (Appendix A);

» Convert each of the six borings into groundwater monitoring wells for the purpose of collecting ground
water samples and determining groundwater flow direction. Analyze groundwater samples using

accelerated laboratory TAT for the compounds in Table T-1(Appendix A);

o Install approximately eight additional soil borings based on the laboratory analyses of the soil samples

from the first six borings to determine the extent of any impacted soils.

e Collect soil samples at one foot below land surface and one foot above the top of the water table from

the eight borings for laboratory analyses for the compounds in Table T-1 (Appendix A);

e Perform two slug tests each on three of the six wells to determine aquifer characteristics;

» Survey the monitoring wells for horizontal and vertical location:;

e Prepare a Site Investigation Report with recommendations for closure options, if warranted,
incorporating those closure target levels listed in Table T-1 (Appendix A).
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3.3 SITE INVESTIGATION TASK DETAILS

Subcontractor oversight and sample collection and shipping will be provided by B&R Environmental
personnel. All applicable field forms are included in Appendix B. The following subsections detail the

tasks proposed for completion of this project:

3.3.1 Field Mobilization / Demobilization

The Site Investigation mobilization will begin with coordination with NAS JAX Public Works for utility
clearance and a pre-investigation meeting with NAS JAX personnel. Mobilization will also include all
activities associated with preparation for field activities such as coordination with subcontractors (drilling
and laboratory) and NAS JAX personnel, preparation of field equipment and materials, and performance of
site-specific Health and Safety Plan review meeting for all onsite personnel. The Point of Contact (POC)
at NAS JAX is Ms. Jane Mears (904) 772-2717 x139.

3.3.2 Monitoring Well Installation

Initially, six groundwater monitoring wells that meet Florida Department of Environmental Protection
(FDEP), St. Johns River Water Management District guidelines, and B&R Environmental Standard
Operating Procedures (attached in Appendix D) will be installed at the DVECC Building 937 Site. Based
on the Navy's estimation of the extent of contamination encountered during the UST removal, it is
estimated that the groundwater plume can be defined with five shallow wells (< 15 feet deep) and one
deep well (< 30 feet).

Three of the shallow monitoring wells will be installed in a triangular pattern around the former tank
location to allow field determination of groundwater flow direction. One shallow well will be installed at the
location of the former UST. The final shallow well will be instalied inside Building 937 in the former
pesticide mixing area. Specialized drilling equipment may be required to complete the well boring inside of
Building 937. The deep (vertical extent) well will be installed at the location of the former UST. The
estimated depth to groundwater at the site is seven feet bls. Therefore, the shallow monitoring wells will
be installed to a depth of approximately 15 feet bls and the deep (vertical extent) well will be installed to a
depth of approximately 30 feet bls. Additional monitoring wells may be required based upon the results of
the initial round of groundwater samples. All required well permits will be obtained by the drilling

subcontractor.

3-3 CTO-0014
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Prior to drilling, each boring location will be evaluated for buried utilities and other obstructions. The Base
will have previously located all known utilities in the vicinity of the site. When the location is determined to
be free of underground obstructions, the truck mounted drill rig will be positioned over the hole and the
boring will be advanced to approximately 15 feet bls (8 feet below the top of the stabilized water table)
using hollow-stem augers (HSAs). HSAs with at least an 8.25-inch outside diameter will be used so that
2-inch diameter monitoring wells can be constructed with a minimum of a 2-inch thick annular filter pack

and a minimum 2-inch thick annular grout seal completed flush to the land surface.

Wells will be constructed of National Sanitation Foundation (NSF) approved flush-threaded, schedule 40
polyvinyl chloride (PVC). Solvents will not be used when joining sections of pipe. The wells will be
constructed with a 10-foot length of 0.02-inch slot PVC screen and sufficient PVC riser to extend the top of
the well to ground level. The 10-foot length of screen will allow 8 feet of screen to be in the water table
and 2 feet of screen to be above the top of the water table. The vertical extent well will be constructed to
a depth of approximately 30 feet. The well used to define the vertical extent will be constructed with a 5-
foot length of 0.02-inch slot PVC screen and sufficient PVC riser to extend the top of the well to ground

level.

The PVC well string will be used to punch out the temporary bottom plug or check valve in the HSA bit. A
silica sand filter pack (10/20 U.S. Standard Sieve size) will be installed around the well screen through the
HSAs. The HSAs will be withdrawn from the borehole during filter pack installation to allow the sand to fill
the annular space between the well screen and the borehole. A tremie pipe will be used, if necessary, to
install the filter pack to at least two foot above the top of the well screen. A 0.5-foot thick interval of fine
sand (30/65 sieve size) will be installed as a secondary filter pack on top of the filter pack to serve as a

seal. The remaining annular space will be filled with neat cement grout flush to the iand surface.

Following the completion of monitoring wells and prior to sampling, the wells will be developed according
to local water management regulations using pumping and or swabbing techniques. Monitoring well
development will consist of pumping the well until pH, temperature, specific conductance and turbidity
have stabilized. Stabilization is considered to have occurred when three consecutive measurements are

within 15 percent of one another. A minimum of five borehole volumes will be required.
3.33 roundwater Samplin
implementation of the sampling procedures has a significant effect on the quality of the analytical data.

Therefore, sampling of monitoring wells will consist of the following activities:
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o Measurement of depth to water level and total depth of the well ( to calculate well volume),

o Decontamination of sampling equipment;

* Evacuation of static water (purging);

¢ Measurement and recording of groundwater temperature, pH, and specific conductance, and turbidity;
o Collection of the sampie;

e Sample preservation and;

e Sample labeling, handling, and transportation via overnight courier to the laboratory.
Decontamination:

All sampling devices and monitoring equipment must be properly decontaminated prior to use. Equipment
decontamination must be documented in the logbook. The decontamination process will consist of the

following activities:

e Alconox and tap water wash;

e Tap water rinse;

¢ Reagent Grade Isopropanol rinse (the equipment shall be thoroughly wetted with Isopropanol);
e Analyte-free water rinse;

e Airdry.
Water Level Measurements:

A complete round of water level measurements must be collected prior to any purging or sampling
activities. Water level measurements, using an electronic water level indicator, should be taken to the
nearest 0.01 foot. Where possible water level measurements shall be taken on the North Side of the

monitoring well at the top of the casing, unless a measurement point has been previously established.

Purging Static Water:

o All information concerning the purging of static water including calculations must be recorded for each
well. The type of equipment used to purge the well must be described in the logbook. If a pump is
utilized information concerning the pump type and flow-rate must be included in the logbook.

e When a bailer is used for purging and/or sampling activities it must be lowered gently into the well
such that the formation waters are disturbed as little as possible. It is very important that the turbidity

of the sample not be increased by improper purging and/or sampling techniques.
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A minimum of three well volumes of the standing water column will be purged from the well prior to the
coliection of samples. Monitoring well purging will continue until groundwater temperature, pH,
specific conductance, and turbidity has stabilized for three measurements each following the removal
of one well volume. If five well are removed then, only one set of water quality measurements is
required on final purge volume. No more than five wells volumes shall be removed during purging
activities. Over purging the well may result in the collection of non-representative groundwater

samples.

If the well does not recover quickly enough to permit the removal of three well volumes, the well will be
pumped or bailed dry and sampled immediately following sufficient recovery. Generally, bailing the
well dry once is adequate. Purging will be performed utilizing a properly decontaminated stainless
steel or Teflon bailer or the appropriate pump. Utilization of a submersible pump is the preferable
method of purging as repeatedly lowering the bailer into the monitoring well may oxygenate the

formation waters and change the chemistry of the groundwater.

Lanyards:

Lanyards may be disposable (braided or monofilament nylon) or reusable ( stainiess steel Teflon
coated).

A disposable lanyard must be changed for each monitor well. But the same lanyard may used for
purging and sampling operations without decontamination between purging sampling activities.
Reusable lanyards shall be decontaminated between monitoring wells but do not require between
purging and sampling operations.

Lanyards must never come in contact with the ground or other surface which may contaminate the

lanyard.

Sample Collection Order:

Sampies shall be coliected from the least to the most contaminated sampling locations within a site. This

information will be obtained from evaiuating the October 1995 Tank Closure Report .

Sample Preservation:

Samples must be preserved with the appropriate preservative and maintained on ice. A laboratory
certified to perform hazardous waste testing by the Florida Department of Environmental Regulation will
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dispatch prepreserved sample containers for collection of samples. It is essential that the samples be
maintained at 4 degrees centigrade until delivery to the laboratory facility. A notation must be made on the

Chain -of -Custody form (COC) as well as in the logbook concerning sample preservation.
Sample Handling:

It is critical that proper custody procedures be followed throughout all phases of sample collection and
handling. Some specific points of concern are as follows: The samples from a particular site must never
be commingied with samples from another site. Samples from several sites must never be combined in
the same sample cooler. Each sample group must also be under separate documentation ( i.e., A COC
must be generated for each site and for each sampling event). The Site Manager as well as the individual
who releases the samples to the transporter must foliow up to see if the samples were received at the

laboratory facility.
Sample Identification:

Sample nomenclature must be unique and must aiways include the date of sample collection. Each
sample is assigned a series of codes indicating the site, sample type, sample location, sample depth and
sample round. The sample nomenclature system has been designed to maintain consistency between
field, laboratory, and data base sample numbers. In addition, the system facilitates cost-effective data

evaluation as data can be easily sorted by matrix and/or by depth, etc.

All samples must be identified utilizing the following format :

Media: Site Sample Type Location Depth Round
Groundwater 937 GW Well No. 01 01
Soil 937 SO Boring No. 01, 02, etc. 01

For example, a groundwater sample collected for this project for monitoring well JAX-937-003 would have
the following sample ID: 937-GW-003-01-01. Its duplicate sample would be designated: 937-GW-003-02-
01

A soil sample collected for this project from soil boring SB-05 from 0.0’-2.0' would have the following

sample ID: 937-S0-005-01-01. The next soil sample from that boring (independent of depth) would have
the following sample 1D: 937-S0-005-02-01. Duplicates will be designated by incrementing the Depth field
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one value as if it were a separate depth. Depth intervals (and duplicates) for each soil sample will be

documented on the soil boring log and soil sample log form.

The Sample Type field will also designate Quality Control Samples as follows:

TB - Trip Blank
FB - Field Blank
RB - Rinsate Blank

Field Quality Control samples will be numbered sequentially (e.g., TB-001, TB-002, etc.)

Sampling procedures will be according to the B&R Environmental Comprehensive Quality Assurance Plan
(FDEP COMPQAP #870055G, 1996) and USEPA Region IV Environmental Investigations Standard
Operating Procedures and Quality Assurance Manual (EISOPQAM, 1996). The groundwater samples will
be analyzed using accelerated laboratory TAT for the compounds of concern in Table T-1 (Appendix A).

Analytical methods will use the Method Detection Limits presented in Table 5.2 (Appendix A).

3.34 Soil Boring Drilling and Soil Sampling

During the drilling of each monitoring well boring, soil samples will be collected continuously from the
ground surface to the termination depth of the boring for visual lithological classification. Soil samples will
be screened for volatile organics volatiles, according to the site-specific Health and Safety Plan, in the field
using a flame lonizing organic vapor analyzer (OVA). Two soil samples from each well boring will be
collected for laboratory analysis; one foot below land surface (BLS), and one foot above the water table.

These soil samples will be submitted to the analytical laboratory for accelerated analysis.

The location of the eight additional soil borings will be determined based upon the location of the former
UST, analytical results of soil samples collected during the Bechtel, Inc. tank closure activities in October
of 1995, and the results of the soil samples collected form the six initial well borings. This will allow for
optimal placement of the soil borings to define the nature and extent of soil contamination. Two soil
samples from each well boring will be collected for laboratory analysis; one foot below land surface (BL.S),
and one foot above the water table. These soil samples will be submitted to the analytical laboratory for
accelerated analysis. Anticipated sampling locations are presented on Figure 3-1.

Soil sampling will be performed in accordance with B&R Environmental SOPs (Appendix C) using a drill

rig equipped with hollow-stem augers and a 2-inch diameter, 18 or 24 inch long, split-spoon sampler, as
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appropriate. Split-spoon samplers are advanced with appropriate conventional methods. The sampler is
driven with a standard 140-pound hammer following ASTM Specification D-1586. Blow counts are
recorded in 6-inch intervals for the total sample depth. Borings will be advanced to the top of the water
table. Upon completion of the borehole, the open hole will be back-filled with a cement-bentonite grout

mixture.

Prior to the initiation of drilling activities or advancing to the next drilling location, the drill rig and equipment
will be decontaminated in accordance with the approved FDEP COMPQAP.

Sampling and decontamination procedures will be according to the B&R Environmental Comprehensive
Quality Assurance Plan (FDEP COMPQAP #870055G, 1996) and USEPA Region IV Environmental
Investigations Standard Operating Procedures and Quality Assurance Manual (EISOPQAM, 1996). The
soil samples will be analyzed using accelerated laboratory TAT for the compounds of concern in Table T-1
(Appendix A). Analytical methods will use the Method Detection Limits presented

in Table 5.2 (Appendix A).

3.3.5 ality Control Samples

Quality control is the overall system of activities whose purpose is to document and control the quality of
the environmental data so that it meets the DQOs. The QC measures that will be employed during the
investigations at the subject site will consists of the following: Equipment Blanks (Precleaned and Field
cleaned) and Duplicate samples. The definition and method of coliection for each of these is defined

below:

e Trip Blanks - These blanks are required for Volatile Organic Carbon (VOC) samples, only. VOC

sampling is not being performed as part of this task therefore no trip blanks are required.

o Equipmen lanks - Blanks that are prepared on-site by pouring analyte-free water over
decontaminated equipment and collecting into sample container(s). Appropriate sample containers,
for each analyte group must be used, preservatives added, if required, and appropriate documentation
completed. These blanks are stored, transported and analyzed along with the intended sample
groups and will be analyzed for the same parameters required by the sample group. At least one
equipment blank is required for each water and solid matrix analytical sample group, and must be
collected at the beginning of the sampling episode. If decontamination is performed in the field then
a field cleaned equipment blank must be collected for all water and solid matrix sample groups. When

collecting precleaned and field cieaned equipment blanks it is essential that the equipment used is
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identified with the proper blank. And sampling groups identified with the equipment decontamination

procedure (i.e., field cleaned or precleaned).

e Duplicates - Field duplicates shall be collected and analyzed for the same parameters as the
associated samples. They shall be preserved, transported and documented in the same manner as
the original samples. These samples are not considered laboratory duplicates but serve to measure
of the variability inherent in the sampling process. They must be obtained by DUPLICATING the
entire sample acquisition technique that was used to obtain the original sample.

a. Duplicate samples for water are collected by sampling from successively collected volumes
(i.e., samples from the next bailer of sample water).
b. Duplicates samples for soils are collected from the sample source (i.e., soil is obtained from the

same soil sampling device).

3.3.6 Equipment Decontamination

Sampling equipment and methods have been chosen to minimize the possibility of cross-contamination.
Any sampling item which can not be effectively decontaminated such as tubing, hoses, lanyards, etc. will
be disposed of after sampling. The decontamination procedures for investigation/sampling equipment will

be as foliows:

e Steam clean (drilling equipment only);

e Scrub with tap water and laboratory grade detergent (e.g., Alconox or Liquinox) soiution using a brush
if necessary to remove surface films and particulate matter;

¢ Rinse with tap water,

« Rinse with nanograde or equivalent Isopropanol, making sure to thoroughiy wet ali surfaces;

« Rinse with analyte-free water and allow to air dry;

e If equipment is to be stored or transported, wrap with aluminum foil to prevent contamination.

Teflon sampling implements used for collecting samples for organic and/or metals analysis will require the

following decontamination procedure:

e Scrub with tap water and laboratory grade detergent (e.g., Alconox or Liguinox) solution using a brush
if necessary to remove surface films and particulate matter;

* Rinse with tap water,

¢ Rinse with 10% nitric acid solution;

¢ Rinse with tap water,
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e Rinse with nanograde or equivalent Isopropanol, making sure to thoroughly wet all surfaces;
¢ Rinse with analyte-free water and allow to air dry,

e If equipment is to be stored or transported, wrap with aluminum foil to prevent contamination.
3.3.7 Investigation-derived W nagemen

Development water, decontamination water, and purge water will be containerized in D.O.T. approved, 55-
gallon drums and characterized based on analytical results of the groundwater monitoring wells. All soil
cuttings will also be containerized in 55-gallon drums. One composite soil sample will be collected from
the soil drums for TCLP characterization of pesticides and herbicides. Investigation-derived wastes (IDW)
will be disposed of by NAS JAX Public Works Center.

3.3.8 Slug Tests

B&R Environmental will perform a series of duplicate slug tests on two selected shallow monitoring wells
and the deep well at the site. These tests involve lowering a solid slug into each well, allowing the water
level to equilibrate, and suddenly removing the slug to cause an “instantaneous” drop in the water level in
the well. The rate at which the water level recovers is related to the hydraulic conductivity of the aquifer

material immediately surrounding that monitoring well.

The rise in water level versus time will be measured and recorded using a standard pressure transducer
probe connected to an electronic data logger. The slug test data will be reduced using the Bouwer and
Rice (1976) methodology for partial penetrating wells in unconfined aquifers in order to calculate the
hydraulic conductivity values for each of the three monitoring wells. Each test will be duplicated and the
values averaged. The results of the tests will be used to assist in the determination of potential

groundwater contaminant plume migration.

3.3.9 Custody Procedures

The use of Chain-of-Custody (COC) protocols will ensure data usability and establish the evidentiary
integrity of samples and/or sample containers. It can be used to demonstrate that the sample containers
and samples were handled and transferred in such a manner to eliminate possible tampering. As such,
these protocols are advantageous if data is to be used in legal cases such as law suites, criminal actions,

and enforcement actions.
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COC begins at the laboratory with the release of the empty sample containers and must be maintained
and documented from that point forward, up to and including sample destruction. The COC can be

maintained by observing the following protocols:

e Sample containers must be released under signature from the laboratory and must be accepted under
signature by the sampler(s) or responsible individual who will maintain custody until such time the

sample containers are transferred to the sampler(s).

e Sample containers and samples in someone's physical possession, locked in a secured storage area

or by sealing the storage container with and maintaining an intact custody seal.

o Transport containers must be sealed with strapping tape and a tamper proof custody seal. The
custody seal must contain the signature of the individual releasing the transport container, along with

the date and time.

e COC forms must remain with the samples during transport or shipment. They must be placed in a

waterproof closure inside the sealed transport container.

e The COC form must account for all time periods associated with the samples and must include

signatures of all individuals actively involved with physically handiing the samples.

The COC record must specifically contain the following information:

Sampling site name and address

Date and time of sampie collection

Unique field ID code for each sample source and container
Name of personne! collecting samples

Time of day and calendar date of all custody transfers
Signatures of all transferors and transferees

Clear indication of number of sample containers

Required analyses (by approved method number)

© o N O O K W N =2

Sample preservation information

10. Common carrier usage, if applicable
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3.3.10 Field Documentation

The following information must be documented and maintained in the project records. This information
may be record into bound field logbooks or on field sheets which have been designed for a specific
purpose. All unbound or loose records (i.e., field sheets, photographs, etc.) must be unequivocally linked

to the sampling event by code, facility name and/or client name and address.

General Information - the following information must be recorded during all sampling events:

Names of all personnel and visitors on site during field activities.

a.
1
2. Date and time (military time preferred) of the individual task completed while on site.
3. Ambient field conditions, to include, weather, tides, etc.

4

Specific description of the event location including site name and address. The specific sampling

location, well installation location or soil boring location.

o

Field ID No. for each sample container and parameters to be analyzed.

6. Field measurement data (e.g., pH, specific conductance, temperature, etc.).
a. Records must indicate when measurements were taken; and
b. Calibration information to include: time of all calibrations or calibration checks, concentration(s) of
calibrates and calibration acceptance.

7. Sample sequence - identify the order in which each sample is taken (time of sample collection is
acceptable).

8. Preservative used; all sample containers will be prepreserved by the laboratory analyzing the
samples.

9. Field decontamination performed. All field-sampling equipment decontamination, whether performed
in the field or at a laboratory, or at the headquarters facility must be documented.

10. Purging and sampling equipment used (ID No. if applicable).

11. Types of QC samples collected. Include when and where collected and type (e.g., trip blank,
equipment blank, duplicate, etc.).

12. Composite samples, if collected, must indicate number of samples included in the composite and

approximate amount/quantity of each subsample or aliquot.

13. Signature of sampler(s).

Additional documentation for monitoring wells shall include:
Well casing composition and diameter of well casing
Water table and well depth

w N o

Calculations used to determine purge volume
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Purging rate (i.e., the rate at which water is withdrawn from the well (gpm))
Total amount of water purged
Date well was purged

Beginning and ending purge times (military time preferred)

© N O 0 A

Measurement data (i.e., pH, conductivity, temperature, color, turbidity, etc.) used to monitor

stabilization, if applicable

c. Additional documentation for sediments and soils must include:
1. Depth from the surface that samples were taken
2. Drilling/boring method

3.3.11 Equipment Calibration

All instruments and equipment used during sampling and analysis will be maintained, calibrated and
operated in accordance with manufacturer's specifications as well as recommendations and criteria
prescribed in specific method references. Maintenance, calibration and operation will be performed by
personnel properly trained in these procedures. Documentation of special or routine maintenance and
calibration will be maintained in logbooks dedicated to each piece of equipment. In the event that
equipment is rented, B&R Environmental will obtain proof of proper maintenance and calibration, which will
be maintained with project records. Brief descriptions of calibration procedures for major field instruments

foliow.

Organic Vapor Analyzer

Procedures for regular maintenance, calibration and pump system check for the Foxboro OVA-128

instrument are as follows:

¢ Maintenance
- Check filters daily.
- Check pumping system daily.
- Check calibration daily.
- Check quad rings weekly.
- Clean burner chamber weekly.

- Factory maintenance yearly.
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e Calibration
- Remove instrument from the case.
- Turn on the instrument and zero on the X10 scale. Gas select dial at 300 for methane calibration.
-Turn on pump and hydrogen. Ignite instrument. Place in survey mode.
- Introduce a methane standard near 100 ppm. The standard shall be placed in a Tedlar bag and
withdrawn by the instrument. Gas standard must not be forced into the instrument.
- Adjust R-32 trimpot on circuit board to make the instrument read to standard.
- Extinguish the flame and adjust meter needle to read 4 ppm.
- Switch to X1 scale and adjust R-31 trimpot to make meter read 4 ppm.
- Return to X10 scale and adjust meter needle to 40 ppm.

- Switch to X100 scale and adjust R-33 trimpot to make the meter read 40 ppm.

Conductivity Meter

Specific conductance is a useful method to approximate the total amount of inorganic dissolved solids.
Conventional conductivity devices consist of two or more platinum electrodes separated by a test solution.

Conductivity systems based on the measurement of inductance or capacitance are also available.

The meter will be checked in one of three ways:

1. Follow method specifications.

2. Use two standard potassium chloride solutions of 100 and 1,000 umhos/cm or standards that bracket

the range of expected sample conductance.

3. A single check standard in each range of a multi-range instrument.

pH Meter

The pH meter is field calibrated on a daily basis. Field meters that have been transported from site to site

will require a calibration check, as calibration is likely to change during transport. '
There are several items to keep in mind with pH measurement:
1. Coatings of oil, greases, and particulates may impair the electrode's response. The electrode bulb

should be patted dry with lint-free paper or cloth and rinsed with deinonized water. If, not acetone can
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be used to clean very hard to remove films, but must be used sparingly to avoid damaging the
electrode's surface.

2. Temperature effects on the electrometric measurement of pH are controlled by using instruments
having temperature compensation or by calibrating the meter at the temperature of the sampies.

3. Poorly buffered solutions with low specific conductance (<200 umhos/cm) may cause fluctuations in
the pH readings. Equilibrate electrode by immersing in several aliquots of sample before taking pH
reading.

4. Check the battery before mobilizing to the field and turn on the meter when you reach the facility and
allow it to equilibrate to ambient temperature.

5. After the initial calibration, the pH meter shall be checked against the pH 7 buffer at intervals of no
more than 4 hours.

6. Thé meter will be checked against the pH 7 buffer after sampling has been completed.
if the sampling event takes less than 4 hours, then an initial and post-calibration check will be
adequate.

8. If during continuing calibration, the response is greater than .2 pH units on either side of 7, then a
complete initial calibration must be conducted.

9. All initial and continuing calibrations must be completely documented in bound logbooks or field
sheets, including: date/time, standard(s) used, resultant meter response, action taken, and technician

initials.
34 PROPOSED LABORATORY ANALYSIS

This investigation falls under the RCRA guidelines SW-846 analytical method for the identification of
environmental contaminates are appropriate. The soil and groundwater samples will be analyzed using
EPA methods 8081, 8151, and 8141. These analyses will use the MDLs listed in Table 5.2 (Appendix A)
to detect the compounds of concern listed in Table T-1 (Appendix A). Additional engineering parameters
will be collected to support potential remedial alternatives. One groundwater sample will include total
organic carbon (TOC), total and dissolved iron and manganese, and total suspended solids (TSS). One
soil sample will include total organic carbon (TOC) and natural moisture content. Table 3-1 presents a
sampling analysis summary. Recommended sample containers, sample volumes, preservation
techniques and holding times for soil and groundwater samples are presented in .Tables 3-2 and 3-3

respectively.
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TABLE 31
SAMPLING ANALYSES SUMMARY
NAS-JAX DVECC, FLORIDA
Sample Analytical Approx. No. No. No. No. Total
Type Method " Environmental | Replicate Trip Equipment No.
Samples Samples'? | Blanks ¥ | Blanks @ Samples

Groundwater EPA Methods 8081, 6 1 1 8

8151, and 8141 :

TOC (SW 9060) 1 0 0 0 1

TSS (E 160.2) 1 0 0 0 1

Fe, Mn (SW 6010) 2 (tot./dis.) 0 0 0 2
Subsurface Soil EPA Methods 8081, 12 1 1 14
from well 8151, and 8141
installation

(Modified SW9060)

Moisture 1 0 0] 0 1

(ASTM D 2216)
Subsurface Soil EPA Methods 8081, 16 1 1 18
from soil borings 8151, and 8141

M

EPA Method 8081 - Organochlorine Pesticides and PCBs.

EPA Method 8151 - Chlorinated Herbicides.
EPA Method 8141 - Organophosphorus Compounds

Terms used in table as per Appendix A of the FDEP COMPQAP #870055G.
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TABLE 3-2
RECOMMENDED SAMPLE CONTAINERS, SAMPLE VOLUMES, PRESERVATION TECHNIQUES
AND HOLDING TIMES FOR RESIDUALS, SOIL AND SEDIMENT SAMPLES (1)

PARAMETER GROUP METHODS CONTAINER PRESERVATION MAX HOLDING TIMES
Organochlorine Pesticides 8081, 8151 Glass, 8 oz. wide mouth (3) 14 days until

PCBs. 8141 with Teflon lined cap extraction, 40 days
Chlorinated Herbicides. (50 gram sample) after extraction
Organophosphorus

Compounds

(1) Adopted from tables 3-1 and 4-1 in Test Methods for Evaluating Solid Waste, SW-846, EPA, Third Edition, 1986, and First
Updated in 1987. The term residuals includes: (i) concentrated waste samples and (ii) sludges of domestic or industrial origin.
(2) Sample shall not be homogenized (mixed) prior to filling container. Container must be filled by packing as much sample into
it leaving minimal head space. Field samples can not be composited for analysis.

(3) Soils, sediments and sludges shall be kept cool at 4 degrees centigrade from collection time until analysis. No preservation is

required for concentrated waste samples.

Reference: Chapter 62-160.700, F.A.C., Table 5
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TABLE 3-3
RECOMMENDED SAMPLE CONTAINERS, SAMPLE VOLUMES, PRESERVATION TECHNIQUES
AND HOLDING TIMES FOR GROUNDWATER SAMPLES

PARAMETER GROUP METHODS CONTAINER PRESERVATION MAX H ING TIM
Organochlorine Pesticides 8081, 8151, 1/2 gallon amber glass Cool, 4c 7 days until

PCBs ' 8141 bottles with Tefion extraction, 40 days
Chilorinated Herbicides lined caps after extraction.
Organophosphorus

Compounds

{a} Volatile samples for aromatic and haloethane compounds should be preserved with sodium bisulfate or HCL to a
pH<2.
{b} Any water samples suspected to contain residual chlorine (e.g., chlorine-treated water) will be preserved with a 10

% solution of sodium thiosulfate before analysis for pesticides/PCBs.

Source: 40 CFR, Part 136, July 1, 1987
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3.5 CONTINGENCY PLAN

In the event of problems which may be encountered during site activities, the Field Operations Leader (FOL) will
immediately notify the B&R Environmental Task Order Manager (TOM) and NAS JAX POC. The TOM will
immediately notify the SOUTHNAVFAC POC. The TOM, SOUTHNAVFAC POC, and DVECC POC will determine a
course of action that will prevent or minimize impact to the facility operations, schedule, data quality, or budget. All
contingency plans will be approved through the SOUTHNAVFAC POC before being enacted. A Filed Task

Modification Form will be completed by the FOL documenting the selected contingency plan.
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4.0 REPORT

Upon completion of all field work and laboratory analysis, B&R Environmental will prepare a Site
Investigation Report summarizing the results of the investigation. The report will include the following

items:

o Site history and current land use;

e Investigation description - boring / groundwater monitoring well placement and rationale;

+ Sensitive receptors and migration pathways;

« Site hydrologic conditions, including slug test data and calculations;

¢ Site and regional geology;

o Summary of findings;

e Options for obtaining clean closure of the site;

e Figures and maps - site location, site groundwater flow direction, contaminant isoconcentration
plumes, and potable wells within 1/2 mile;

o Tables - groundwater elevation and soil and groundwater analytical data summaries;

o Boring logs and groundwater monitoring well diagrams;

o |Laboratory analytical data and chain-of-custody forms;

s References.

Following the Navy's review and approval of the report, the Navy will submit the Site Investigation Report
to the FDEP.
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5.0 PROPOSED SCHEDULE

Well installation and sampling (six wells) and initial soil sampling is proposed to begin in early January
1997 and take approximately one week to 10 days to complete. Chemical analysis will be performed
using an accelerated laboratory TAT. Based upon the resulting of the initial sampling, approximately eight
additional soil boring will be drilled and sampled. This is scheduled to begin one week foliowing receipt of
laboratory data and will take approximately 5 days to complete. The draft Site Investigation Report will be
completed by mid-February 1997. Following the receipt of any Navy comments to the draft report, the

final Site investigation Report will be completed within 10 days.
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TABLE T-1
CLEAN CLOSURE TARGET LEVELS
DVECC TANK SYSTEM CLOSURE
BUILDING 937 - NAS JACKSONVILLE

PARAMETERS OF CLEAN CLOSURE TARGET LEVELS
CONCERN AQUEOQUS (ug/l) SOLID (uglkg)

aldrin 0.05 1.70
alpha-BHC 0.05 1.70
beta-BHC 0.10 1.70
chlordane 20 1.70
2,4-D 70.0 8.30
4.4.DDD 0.10 3.30
4 4-DDE 0.10 3.30
4 4-DDT 010 3.30
dieldrin 0.10 3.30

endosuifan (I and II) 0.35 1.70/3.30
endosulfan suifate 0.30 3.30
endnn 2.0 3.30
endrin aldehyde 0.10 3.30
heptacior 0.40 1.70
heptaclor epoxide 0.2 1.70
lindane {G-BHC) 0.2 1.70
methoxychlor 40.0 17.0
silvex (2,4,5-TP) 50.0 8.30
toxaphene 3.0 170.0
deita - BHC 0.50 1.70
dinoseb 70 100.0
isodrin (atdrin isomer) 0.0099 3.30

parathion (ethyl/methyl) 420 33.0/17.0

sy  wswms O Geuns 2 e ey Uy b b 020 EEN

Rev. 3 Mod HF 16-230808
Oct 24, 1995 B6119/89968



p— PEL 1l "0 dl-4aorii DRUWN RUV

5090
Code 1B4JM/12

9 ADCT 1995

Mr. Stanley Tam

Hazardous Waste Engineer

Florida Department of Environmental Protection
Northeast District

7825 Baymeadows Way, Suite 2008

Jacksonville, FL 32256-758%0

~RE: NAVAL AIR STATION JACKSONVILLE FL6 170 024 412
HF16-230808 - DVECC TANK ]
DUVAL COUNTY - HAZARDOUS WASTE

Dear Mr. Patel:

This letter is to advise you that the solids “Target Levels” in the referenced
permit should have listed the "Reporting Limits* as provided in Table 5.2 of
our February 1S, 1995 letter. Znclosed are copies of Tables 5.2 along with
our revised Table T-1. The Method Detection Limits {(MDL) are utilized to
confirm that a particular laboratory can meet the quality requirements for the
detection limits established for pure samples of each compound. The MDL
cannot be used for determining if a field sample 1is contaminated. We are
proposing to use the »Reporting Limits" as the "Below Detection Limic* (BDL}
per DEP's request in the Decemoer 1, 1994 item #8.

If you have questions, please contact Ms. Jane Mears, Facilities and

Environmental Department, at (%04) 772-2717, extension 139.

Sincerely,

KEVIN H. GARTLAND
GM-13, Environmental Division Director
By direction of the Commanding Officer

Enclosure

Copy to:
COMNAVBASE JAX (N3)
—» Rust Environment & Infrastructure
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BORING NO.:

MONITORING WELL SHEET

PROJECT

PROJECT NO.

ELEVATION

FIELD GEOLOGIST

DRILLER
LOCATION DRILLING
BORING METHOD
DATE DEVELOPMENT
- METHOD

Ground
; Elevation

—ELEVATION TOP OF RISER:

surfoce ¢
wilth tock

M

Y g et

v o T e o v e v
RETTY R . N

\\1\17&

~TYPE OF SURFACE SEAL:

—TYPE OF PROTECTIVE CASING:
1.D. OF PROTECTIVE CASING:

—DIAMETER OF HOLE:

TYPE OF RISER PIPE:

~

A\ \\\\XW\\\\\\\

RISER PIPE L.D.:

—TYPE OF BACKFILL/SEAL:

~DEPTH/ELEVATION TOP OF SAND:

DEPTH/ELEVATION TOP OF SCREEN:

AT T i

B T TYPE OF SAND PACK:

;L/——DEPTH/ELEVAHON BOTTOM OF SCREEN:

TYPE OF SCREEN:

SLOT SIZE x LENGTH:

DIAMETER OF HOLE IN BEDROCK:

DEPTH/ELEVATION BOTTOM OF SAND:

L DEPTH /ELEVATION BOTTOM OF HOLE: /
BACKFILL MATERIAL BELOW SAND: iy
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PROJECT NAME . i e e WELL /BORING NO.: ...
PROJECT NO.: BEOL OGS T: oo
WELL DIAMETER: .........cns SCREEN LENGTH/DEPTH: ..o TEST NO.:
STATIC WATER LEVEL (Depth/EIeVTHION): ....o.oioooooiooiooooooeoeeereeee e DATE: oo
TEST TYPE (Rising/Falling/Constant Head): ... . CHECKED: ..o e
METHOD OF INDUCING WATER LEVEL CHANGE: ... . PAGE .....OF ..........
REFERENCE PT. FOR WL MEAS. (Top of Casing, Transducer, @tC.): ...
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Well:

Site:

Date Installed:

Date Developed:

Dev. Method:

MONITORING WELL DEVELOPMENT RECORD

Depth to Bottom (ft.):

Static Water Level Before ({t.):
Static Water Leve! After (ft.):
Screen Length (ft.):

Specific Capacity:

Responsible Personnel:

Page __ of

Drilling Co.:

Project Name:

Project Number:

Pump Type: Casing ID (in.):
Time Estimated Cumulative Water Level Temperature pH Specific Turbidity Remarks
Sediment Water Readings (Degrees C) Conductance (NTU) (odor, color, etc.)
Thickness Volume (Ft. below TOC) (Units }
(Ft.) (Gal.)




Veaaiz 3% m >  GROUNDWATER SAMPLE LOG SHEET

Page_ of _
Project Site Name: Sample ID No.:
Project No.: Sample Location:
Sampled By:

[} Domestic Well Data C.0.C. No.:

[} Monitoring Well Data Type of Sample:

[] Other Well Type: [] Low Concentration

[] QA Sample Type: ' [] High Concentration
SAMPLING DATA: )
Date: Color pH S.C. Temp. Turbidity DO Salinity Other
Time: Visual Standard| mS/cm | Degrees C NTU mg/l % NA
Method:
PURGE DATA:
Date: Volume pH S.C. Temp. (C) | Turbidity DG Salinity Other
Method:” Initial
Monitor Reading (ppm): 1
Welt Casing Diameter & Material 2
Type: 3
Total well Depth (TD):
Static Water Level (WL):
One Casing Volume(gal/L):
Start Purge (hrs):
End Purge (hrs):
Total Purge Time (min):
Total Vol. Purged (gal/L):
SAMPLE COLLECTION INFORMATION:

Analysis Preservative Container Requirements Collected

OBSERVATIONS / NOTES:

Circle if Applicabie: Signature(s):

MS/MSD Duplicate ID No.:
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SOIL & SEDIMENT SAMPLE LOG SHEET

Page_  of ___

Project Site Name:
Project No.:

[] Surface Soil

{] Subsurface Soil
(] Sediment

[] Other:

[] QA Sample Type:

Sample ID No.:

Sample Location:

Sampled By:
C.0.C. No.:

Type of Sample:
{] Low Concentration

[} High Concentration

GRAB SAMPLE DATA:

Date:

Depth

Color Description (Sand, Silt, Clay, Moisture, etc.}

Time:

Method:

Monitor Reading (ppm):

COMPOSITE SAMPLE DATA:

Date: Time

Depth

Color Description (Sand, Silt, Clay, Moisture, etc.)

Method:

Monitor Readings

(Range in ppm):

SAMPLE COLLECTION INFORMATION:

Analysis

Container Requirements

Collected

Other

OBSERVATIONS / NOTES:

MAP:

Circle if Applicable:

MS/MSD Duplicate ID No.:

Signature(s):




BORING LOG Page__ of __

PROJECT NAME: BORING NUMBER:
PROJECT NUMBER: DATE:
DRILLING COMPANY: GEOLOGIST: _
DRILLING RIG: DRILLER:
MATERIAL DESCRIPTION PIOIFID Reading (95
Sampie | Depth Biows / Sample Lithology U
No.and| (Ft} |6 or RQO|Recovery/ Change s
Type or or (%) Sample | (Depth/Fr) | Soll Density! c g : L
RQO |[Run No. Length or Consistency . 0 »
Screened or Color Material Classfficatlon S Remarks El s 2 2
Interval Rock b :j E g %
Hardness S|l o
* When rock coring, enter rock brokeness.
~ Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated response read. Dnlllng Area

Remarks: Background (ppm):[:

Converted to Well: Yes No Well 1.D. #:




N

e GROUNDWATER LEVEL

NN

NS MEASUREMENT SHEET Page_ of
PROJECT NAME: LOCATION:

PROJECT NUMBER: MEASURING DEVICE:

PERSONNEL: ADJUSTMENT FACTOR:

DATE: REMARKS:

WEATHER CONDITIONS:

Signature(s): .

*Measurements to nearest 0.01 foot.
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INSTRUMENT NAME/MODEL :

po
O

MANUFACTURER :

EQUIPMENT CALIBRATION LOG

PROJECT NAME :

PROJECT NUMBER :

CALIBRATION
DATE

INITIAL
SETTINGS

STANDARDS
USED

PROCEDURE ADJUSTMENTS FINAL SIGNATURE

COMMENTS

MADE SETTINGS
o f e A 8 1 | g R

b fiCaa i G

By Ay




DAILY ACTIVITIES RECORD

PROJECT NAME: PROJECT NUMBER:
CLIENT: LOCATION:
DATE: ARRIVAL TIME:
B&RE PERSONNEL: DEPARTURE TIME:
CONTRACTOR: DRILLER:
QUANTITY QUANTITY PREVIOUS CUA\.IULATIYE
ITEM ESTIMATE TODAY TOTAL QUANTITY
QUANTITY TO DATE
COMMENTS:
APPROVED BY:
DRILLER

B&RE REPRESENTATIVE

DATE:




Well Designation:

CERTIFICATE OF CONFORMANCE

Site Name:

Date Installed:

Project Name:

Responsible Professional:

Rev. 0
October 11, 1996

Drilling Company:

Driller:

Project Number:

Material Brand/Description Source/Supplier Sample
Collected ?
Well Casing
Well Screen
End Cap
Drilling Fluid

Drilling Fluid Additives

Backfill Material

-1l Annular Filter Pack

Bentonite Seal

Annular Grout

Surface Cement

Protective Casing

Paint

Rod Lubricant

Compressor Oil

To the best of my knowledge, 1 certify that the above described materials were used during installation of this monitoring well.

Signature of Responsible Professional:




CHAIN OF CUSTODY RECORD

PROJECTNO.: SITE NAME:
SAMPLERS (SIGNATURE): P:)(;-
CON- REMARKS
TAINERS
5TQ3°N DATE | TIME | comp | GRAB STATION LOCATION
RELINQUISHED BY {SIGNATURE): DATE / TIME: | RECEIVED BY({SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE / TIME: | RECEIVED BY(SIGNATURE):
RELINQUISHED BY {SIGNATURE): DATE / TIME: | RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE / TIME: | RECEIVED BY{SIGNATURE):
RELINQUISHED BY (SIGNATURE): DATE / TIME: | RECEIVED FOR LABORATORY BY DATE / TIME: | REMARKS:
(SIGNATURE): _
1 | [

Order No. 70440 (0693)




GH-1.3
GH-1.5
GH-2.4
GH-2.8
SA-1.1
SA-1.3
SA-6.1
SA-6.3
SA-7.1

APPENDIX C

B&R Environmental Standard Operating Procedures (SOPs)

Soil and Rock Drilling Methods

Borehole and Sampie Logging

In-Situ Hydraulic Conductivity Testing

Groundwater Monitoring Point installation

Groundwater Sample Acquisition and Onsite Water Quality Testing
Soil Sampling

Non-Radiological Sampie Handling

Field Documentation

Decontamination of Field Equipment and Waste Handling
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1.0 PURPOSE

The purpose of this procedure is to describe the methods and equipment necessary to perform soil and
rock borings and identify the equipment, sequence of events, and appropriate methods necessary to
obtain soil, both surtace and subsurface, and rock samples during field sampling activities.

2.0 SCOPE

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and
drawbacks. It should be used generally to determine what type of drilling techniques would be most
successful depending on site-specific geologic conditions and the type of sampling required.

The sampling methods described within this procedure are applicable to coliecting surface and
subsurface soil samples, and obtaining rock core samples for lithologic and hydrogeologic evaluation,
excavation/foundation design and related civil engineering purposes.

- 3.0 GLOSSARY

Rock Coring - A method in which a continuous solid cylindrical sample of rock or compact rock-like soil
is obtained by the use of a double tube core barre! that is equipped with an appropriate diamond-
studded drill bit which is advanced with a hydraulic rotary drilling machine.

Wire-Line Coring - As an alternative to conventional coring, this technique is valuable in deep hole drilling,
since this method eliminates trips in and out of the hole with the coring equipment. With this technique,
the core barrel becomes an integral part of the drill rod string. The drill rod serves as both a coring
device and casing.

4.0 RESPONSIBILITIES

Project Manager - In consultation with the project geologist, the Project Manager is responsible for
evaluating the drilling requirements for the site and specifying drilling techniques that will be successful
given the study objectives and geologic conditions at the site. The Project Manager also determines the
disposal methods for products generated by drilling, such as drill cuttings and well development water,
as well as any specialized supplies or logistical support required for the drilling operations.

Field Operations Leader (FOL) - The FOL is responsible for the overall supervision and scheduling of
drilling activities, and is strongly supported by the project geologist.

Project Geologist - The project geologist is responsible for ensuring that standard and approved drilling
procedures are followed. The geologist will generate a detailed boring log for each test hole. This log
shall include a description of materials, samples, method of sampling, blow counts, and other pertinent
drilling and testing information that may be obtained during drilling (see SOPs SA-6.3 and GH-1.5). Often
this position tor inspecting the drilling operations may be filled by other geotechnical personnel, such as
soils and foundation engineers, civil engineers, etc.

Determination of the exact location for borings is the responsibility of the site geologist. The final
location for drilling must be properly documented on the boring log. The general area in which the
borings are to be located will be shown on a site map included in the Work Plan and/or Sampling and
Analysis Plan.

019611/P Brown & Root Environmental
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Drilling Subcontractor - Operates under the supervision of the FOL. Responsible for obtaining all drilling
permits and clearances, and supplying all services (inciuding labor), equipment and material required to
perform the drilling, testing, and well installation program, as well as maintenance and quality control of
such required equipment except as stated in signed and approved subcontracts.

The driller must report any major technical or analytical problems encountered in the field to the FOL
within 24 hours of determination, and must provide advance written notification of any changes in field
procedures, describing and justifying such changes. No such changes shall be made uniess requested
and authorized in writing by the FOL (with the concurrence of the Project Manager).

The drilling subcontractor is responsible for following decontamination procedures specified in the project
plan documents. Upon completion of the work, the driller is responsible for demobilizing all equipment,
cleaning up any materials deposited on site during drilling operations, and properly backfilling any open

borings.
5.0 PROCEDURES
5.1 General

The purpose of drilling boreholes is:

° To determine the type, thickness, and certain physical and chemical properties of the soil,
water and rock strata which underlie the site.

° To install monitoring wells or piezometers.

All drilling and sampling equipment will be cleaned between samples and borings using appropriate
decontamination procedures as outlined in SOP SA-7.1. Unless otherwise specified, it is generally
advisable to drill borings at "clean" locations first, and at the most contaminated locations last, to reduce
the risk of spreading contamination between locations. All borings must be logged by the rig geologist
as they proceed (see SOPs SA-6.3 and GH-1.5). Situations where logging would not be required would
include installation of multiple well points within a small area, or a "second attempt" boring adjacent to
a boring that could not be continued through resistant material. In the latter case, the boring log can
be resumed 5 feet above the depth at which the initial boring was abandoned, although the rig geologist
should still confirm that the stratigraphy at the redrilled location conforms essentially with that
encountered at the original location. Hf significant differences are seen, each hole should be logged
separately.

5.2 Drilling Methods

The selected drilling methods described below apply to drilling in subsurtace materials, including, but not
limited to, sand, gravel, clay, silt, cobbies. boulders, rock and man-made fill. Drilling methods should be
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the
purpose of drilling and the overall subsurface investigation program proposed for the site. The full range
of different drilling methods applicabie to the proposed program should be identified with final selection
based on relative cost, availability, time constraints, and how well each method meets the sampling and
testing requirements of the individual drilling program.

019611/P . Brown & Root Environmental
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5.2.1 Continuous-Flight Hollow-Stem Auger Drilling

This method of drilling consists of rotating augers with a hollow stem into the ground. Cuttings are
brought to the surface by the rotating action of the auger. This method is relatively quick and
inexpensive. Advantages of this type of drilling include:

e  Samples can be obtained without pulling the augers out of the hole. However, this is a poor
method for obtaining grab samples from thin, discrete formations because of mixing of soils
which occurs as the material is brought to the surface. Sampling of such formations requires
the use of split-barrel or thin-wall tube samplers advanced through the hollow core of the
auger.

° No drilling fluids are required.

e A well can be installed inside the auger stem and backfilled as the augers are withdrawn.
Disadvantages and limitations of this method of drilling include:

° Augering can only be done in unconsolidated materials.

e The inside diameter of hollow stem augers used for well installation should be at least
4 inches greater than the well casing. Use of such large-diameter hollow-stem augers is
more expensive than the use of small-diameter augers in boreholes not used for well
installation. Furthermore, the density of unconsolidated materials and depths become more
of a limiting factor. More friction is produced with the larger diameter auger and
subsequently greater torque is needed to advance the boring.

e  The maximum effective depth for drilling is 150 feet or less, depending on site conditions and
the size of augers used.

° In augering through clean sand formations below the water table, the sand will tend to flow
into the hollow stem when the plug is removed for soil sampling or well installation. If the
condition of "running" or “flowing" sands is persistent at a site, an alternative method of
drilling is recommended, in particular for wells or boreholes deeper than 25 feet.

° Hollow-stem auger drilling is the preferred method of drilling. Most alternative methods
require the introduction of water or mud downhole (air rotary is the exception) to maintain
the open borehole. With these other methods, great care must be taken to ensure that the
method does not interfere with the collection of a representative sample (which is the
objective of the borehole construction. With this in mind, the preferred order of choice of
driliing method after hollow-stem augering (HSA) is:

- Cable tool

- Casing drive (air)
- Air rotary

- Mud rotary

- Rotosonic

- Drive and wash

- Jetting

019611/P Brown & Root Environmental
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However, the use of any method will also depend on efficiency and cost-effectiveness. In many cases,
mud rotary is the only feasible alternative to hollow-stem augering. Thus, mud rotary drilling is generally
acceptable as a first substitute for HSA.

The procedures for sampling soils through holes drilled by holiow-stem auger shall conform with the
applicable ASTM Standards: D1587-83 and D1586-84. The guidelines established in SOP SA-1.3 shall
also be followed. The hollow-stem auger may be advanced by any power-operated drilling machine
having sufficient torque and ram range to rotate and force the auger to the desired depth. The machine
must, however, be equipped with the accessory equipment needed to perform required sampling, or rock
coring.

The hollow-stem auger may be used without the plug when boring for geotechnical examination or for
well installation. However, when drilling below the water table, specially designed plugs which allow
passage of formation water but not solid material shall be used (see Reference 1 of this guideline). This
drilling configuration method also prevents blow back and plugging of the auger when the plug is
removed for sampling.

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water
table, to prevent blowback and piugging of the auger. If water is added to the hole, it must be sampled
and analyzed to determine if it is free from contaminants prior to use. In addition, the amount of water
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during
well development must be carefully logged in order to ensure that a representative sample of the
formation water can be obtained. Well development should occur as soon after well completion as
practicable (see SOP GH-2.8 for well development procedures). If gravelly or hard material is
encountered which prevents advancing the auger to the desired depth, augering should be halted and
either driven casing or hydraulic rotary methods should be attempted. If the depth to the bedrock/soil
interface and bedrock lithology must be determined, then a 5-foot confirmatory core run should be
conducted (see Section 5.2.9).

At the option of the Field Operations Leader (in communication with the Project Manager), when resistant
materials prevent the advancement of the auger, a new boring can be attempted. The original boring
must be properly backfilled and the new boring started a short distance away at a location determined
by the site geologist. |f multiple water bearing strata were encountered, the original boring must be
grouted. In some formations, it may be prudent to also grout borings which penetrate only the water
table aquifer, since loose soil backfill in the boring may still provide a preferred pathway for surface
liquids to reach the water table.

5.2.2 Continuous-Flight Solid-Stem Auger Drilling

This drilling method is similar to hollow-stem augering. Practical application of this method is severely
restricted compared to use of hollow-stem augers. Split-barrel (split-spoon) sampling cannot be
performed without pulling the augers out, which may allow the hole to collapse. The continuous-flight
solid-stem auger drilling method is therefore very time consuming and is not cost effective. Also, augers
would have to be withdrawn before installing a monitoring well, which again, may allow the hole to
collapse. Furthermore, geologic logging by examining the soils brought to the surface is unreliable, and
depth to water may be difficult to determine while drilling.

There would be very few situations where use of a solid-stem auger would be preferabie to other drilling
methods. The only practical applications of this method would be to drill boreholes for well installation
where no lithologic information is desired and the soils are such that the borehole can be expected to

019611/P . Brown & Root Environmental
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remain open after the augers are withdrawn. Alternatively, this technique can be used to find depth to
bedrock in an area when no other information is required from drilling.

5.2.3 Rotary Drilling

Direct rotary drilling includes air-rotary and fiuid-rotary drilling. For air or fluid-rotary drilling, the rotary
drill may be advanced to the desired depth by any power-operated drilling machine having sufficient
torque and ram range to rotate and force the bit to the desired depth. The drilling machine must,
however, be equipped with any accessory equipment needed to perform required sampling, or coring.
Prior to sampling, any settled drill cuttings in the borehole must be removed.

Air-rotary drilling is a method of drilling where the drill rig simultaneously turns and exerts a downward
pressure on the drilling rods and bit while circulating compressed air down the inside of the drill rods,
around the bit, and out the annulus of the borehole. Air circulation serves to both cool the bit and
remove the cuttings from the borehole. Advantages of this method inciude:

The drilling rate is high (even in rock).

The cost per foot of drilling is relatively low.

Air-rotary rigs are common in most areas.

No drilling fluid is required (except when water is injected to keep down dust).

The borehole diameter is large, to allow room for proper weli installation procedures.

Disadvantages to using this method include:

] Formations must be logged from the cuttings that are blown to the surface and thus the
depths of materials logged are approximate.

° Air biown into the formation during drilling may "bind" the formation and impede well
development and natural groundwater flow.

® In-situ samples cannot be taken, unless the hole is cased.
° Casing must generally be used in unconsolidated materials.
. Air-rotary drill rigs are large and heavy.

A variation of the typical air-rotary drill bit is a down hole hammer which hammers the drill bit down as
it drills. This makes drilling in hard rock faster. Air-rotary drills can also be adapted to use for rock
coring although they are generally slower than other types of core drills. A major application of the air-
rotary drilling method would be to drill holes in rock for well installation.

Fluid-Rotary drilling operates in a similar manner to air-rotary drilling except that a drilling fluid (‘mud")
or clean water is used in place of air to cool the drill bit and remove cuttings. There are a variety of
fiuids that can be used with this drilling method, including bentonite slurry and synthetic slurries. If a
drilling fluid other than water/cuttings is used, it must be a natural clay (ie., bentonite) and a
"background” sample of the fluid should be taken for analysis of possible organic or inorganic
contaminants.
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Advantages to the fluid-rotary drilling method include:
e  The ability to drill in many types of formations.
° Relatively quick and inexpensive.

° Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be obtained without removing
drill rods if the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used.

' In some borings temporary casing may not be needed as the drilling fluids may keep the
borehole open.

e  Drill rigs are readily available in most areas.
Disadvantages to this method include:

° Formation logging is not as accurate as with hollow-stem auger method if split-barrel (split-
spoon) samples are not taken (i.e., the depths of materials logged from cuttings delivered to
the surface are approximate).

. Drilling fluids reduce permeability of the formation adjacent to the boring to some degree,
and require more extensive well development than "dry” techniques (augering, air-rotary).

° No information on depth to water is obtainable while drilling.

. Fluids are needed for drilling, and there is some question about the effects of the drilling
fluids on subsequent water samples obtained. For this reason as well, extensive well
development may be required.

° in very porous materials (i.e., rubble fill, boulders, coarse gravel) drilling fluids may be
continuously lost into the formation. This requires either constant replenishment of the drilling
fluid, or the use of casing through this formation.

. Drill rigs are large and heavy, and must be supported with supplied water.
. Groundwater samples can be potentially diluted with drilling fiuid.

The procedures for performing direct rotary soil investigations and sampling shall conform with the
applicable ASTM standards: D2113-83, D1587-83, and D1586-84.

Soil samples shall be taken as specified by project plan documents, or more frequently, if requested by
the project geologist. Any required sampling shall be performed by rotation, pressing, or driving in
accordance with the standard or approved method governing use of the particular sampling tool.

When field conditions prevent the advancement of the hole to the desired depth, a new baring may be
drilled at the request of the Field Operations Leader. The original boring shall be backfilled using
methods and materials appropriate for the given site and a new boring started a short distance away at
a location determined by the project geologist.
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5.2.4 Rotosonic Drilling

The Rotosonic drilling method employs a high frequency vibrational and low speed rotational motion
coupled with down pressure to advance the cutting edge of a drill string. This produces a unitorm
borehole while providing a continuous, undisturbed core sample of both unconsolidated and most
bedrock formations. Rotosonic driliing advances a 4-inch diameter to 12-inch diameter core barrel for
sampling and can advance up to a 12-inch diameter outer casing for the construcito of standard and
telescoped monitoring wells. During drilling, the core barrel is advanced ahead of the outer barrel in
increments as determined by the site geologist and depending upon type of material, degree of
subsurface contamination and sampling objectives.

The outer casing can be advanced at the same time as the inner drill string and core barrel, or advanced
down over the inner drill rods and core barrel, or after the core barrel has moved ahead to collect the
undisturbed sample and has been pulled out of the borehole. The outer casing can be advanced dry
in most cases, or can be advanced with water or air depending upon the formations being drilled, the
depth and diameter of the hole, or requirements of the project.

Advantages of this method include:
. Sampling and well instaltation are faster as compared to other drilling methods.
' Continuous sampling, with larger sampie volume as compared to split-spoon sampling.

e  The ability to drill through difficult formations such as cobbles or boulders, hard till and
bedrock.

° Reduction of IDW by an average of 70 to 80 percent.

. Well installations are quick and controlled by elimination of potential bridging of annular
materials during well instaliation, due to the ability to vibrate the outer casing during removal.

Disadvantages include:

e  The cost for Rotosonic drilling as compared to other methods are generally higher. However,

the net result can be a significant savings considering reduced IDW and shortened project
duration.

. Rotosonic drill rigs are large and need ample room to drill, however, Rotosonic units can be
placed on the ground or placed on an ATV.

. There are a limited number of Rotosonic drilling contractors at the present time.

5.2.5 Reverse Circulation Rotary Drilling

The common reverse-circulation rig is a water or mud-rotary rig with a large-diameter drill pipe which
circulates the drilling water down the annulus and up the inside of the drill pipe (reverse flow direction
from direct mud-rotary). This type of rig is used for the construction of large-capacity production water
wells and is not suited for small, water quality sampling wells because of the use of drilling muds and
the large-diameter hole which is created. A few special reverse-circulation rotary rigs are made with

double-wall drill pipe. The drilling water or air is circulated down the annulus between the drill pipes and
up inside the inner pipe.
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Advantages of the latter method include:
o  The formation water is not contaminated by the drilling water.
] Formation samples can be obtained, from known depths.

® When drilling with air, immediate information is available regarding the water-bearing
properties of formations penetrated.

) Collapsing of the hole in unconsolidated formations is not as great a problem as when drilling
with the normal air-rotary rig.

Disadvantages include:
® Double-wall, reverse-circulation drill rigs are very rare and expensive to operate.

° Placing cement grout around the outside of the well casing above a well screen often is
difficult, especially when the screen and casing are placed down through the inner drill pipe
before the drill pipe is pulied out.

5.2.6 Drill-through Casing Driver

The driven-casing method consists of alternately driving casing (fitted with a sharp, hardened casing
shoe) into the ground using a hammer lifted and dropped by the drill rig (or an air-hammer) and cleaning
out the casing using a rotary chopping bit and air or water to flush out the materials. The casing is
driven down in stages (usually 5 feet per stage); a continuous record is kept of the blows per foot in
driving the casing (see SOP GH-1.5). The casing is normally advanced by a 300-pound hammer falling
freely through a height of 30 inches. Simultaneous washing and driving of the casing is not
recommended. If this procedure is used. the elevations within which wash water is used and in which
the casing is driven must be clearly recorded.

The driven casing method is used in unconsolidated formations only. When the boring is to be used for
jater well installation, the driven casing used should be at least 4 inches larger in diameter than the well
casing to be installed. Advantages to this method of drilling include:

° Split-barrel (split-spoon) sampling can be conducted while drilling.

. Well installation is easily accomplished.

° Drill rigs used are relatively small and mobile.

e  The use of casing minimizes flow into the hole from upper water-bearing layers; therefore,
multiple aquifers can be penetrated and sampled for rough field determinations of some water
quality parameters.

Some of the disadvantages include:

° This method can only be used in unconsolidated formations.

® The method is slower than other methods (average drilling progress is 30 to 50 feet per day).
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® Maximum depth of the borehole varies with the size of the drill rig and casing diameter used,
and the nature of the formations drilled.

e The cost per hour or per foot of drilling may be substantially higher than other driling
methods.

] It is difficult and time consuming to pull back the casing if it has been driven very deep
(deeper than 50 feet in many formations).

5.2.7 Cable Tool Drilling

A cable tool rig uses a heavy, solid-steel, chisel-type drill bit ("tool”) suspended on a steel cable, which
when raised and dropped, chisels or pounds a hole through the soils and rock. Drilling progress may
be expedited by the use of “slip-jars” which serve as a cable-activated down hole percussion device to
hammer the bit ahead.

When drilling through the unsaturated zone, some water must be added to the hole. The cuttings are
suspended in the water and then bailed out periodically. Below the water table, after sufficient ground
water enters the borehole to replace the water removed by bailing, no further water needs to be added.

When soft caving formations are encountered, it is usually necessary to drive casing as the hole is
advanced to prevent collapse of the hole. Often the drilling can be only a few feet below the bottom of
the casing. Because the drill bit is lowered through the casing, the hole created by the bit is smaller than
the casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be driven
into the hole (see Section 5.2.5 of this guideline).

Advantages of the cable-tool method include the following:

] Information regarding water-bearing zones is readily available during the drilling. Even
relative permeabilities and rough water quality data from different zones penetrated can be
obtained by skilled operators.

° The cable-tool rig can operate satisfactorily in all formations, but is best suited for caving,
boulder, cable or coarse gravel type formations (e.g., glacial till) or formations with large
cavities above the water table (such as limestones).

® When casing is used, the casing seals formation water out of the hole, preventing down hole
contamination and allowing sampling of deeper aquifers for field-measurable water quality
parameters.

° Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be collected through the
casing.

Disadvantages include:
° Drilling is slow compared with rotary rigs.
° The necessity of driving the casing in unconsolidated formations requires that the casing be
pulled back if exposure of selected water-bearing zones is desired. This process complicates

the well completion process and often increases costs. There is also a chance that the
casing may become stuck in the hole.
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e The relatively large diameters required (minimum of 4-inch casing) plus the cost of steel
casing result in higher costs compared to rotary drilling methods where casing is not required
(e.g., such use of a hollow-stem auger).

e Cabletool rigs have largely been replaced by rotary rigs. In some parts of the U.S.,
availability may be difficuit.

5.2.8 Jet Drilling (Washing)

Jet drilling, which should be used only for piezometer or vadose zone sampler installation, consists of
pumping water or drilling mud down through a small diameter (1/2- to 2-inch) standard pipe (steel or
PVC). The pipe may be fitted with a chisel bit or a special jetting screen. Formation materials dislodged
by the bit and jetting action of the water are brought to the surface through the annulus around the pipe.
As the pipe is jetted deeper, additional lengths of pipe may be added at the surface.

Jet percussion is a variation of the jetting method, in which the casing is driven with a drive weight.
Normally, this method is used to place 2-inch-diameter casing in shallow, unconsolidated sand
formations, but this method has also been used to install 3- to 4-inch-diameter casings to a depth of
200 feet.

Jetting is acceptable in very soft formations, usually for shaliow sampling, and when introduction of
driling water to the formation is acceptable. Such conditions would occur during rough stratigraphic
investigation or installation of piezometers for water level measurement. Advantages of this method
include:

. Jetting is fast and inexpensive.

° Because of the small amount of equipment required, jetting can be accomplished in locations
where access by a normal drilling rig would be very difficult. For example, it would be
possible to jet down a well point in the center of a lagoon at a fraction of the cost of using
a drill rig.

® Jetting numerous well points just into a shallow water table is an inexpensive method for
determining the water table contours, hence flow direction.

Disadvantages include the following:

e A large amount of foreign water or drilling mud is introduced above and into the formation
to be sampled.

° Jetting is usuaily done in very soft formations which are subject to caving. Because of this
caving, it is often not possible to place a grout seal above the screen to assure that water
in the well is only from the screened interval.

] The diameter of the casing is usually limited to 2 inches; therefore, sampies must be obtained
by methods applicabie to small diameter casings.

® Jetting is only possible in very soft formations that do not contain boulders or coarse gravel,
and the depth limitation is shallow (about 30 feet without jet percussion equipment).

° Large quantities of water are often needed.
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5.2.9 Drilling with a Hand Auger

This method is applicable wherever the formation, total depth of sampling, and the site and groundwater
conditions are such as to allow hand auger drilling. Hand augering can also be considered at locations
where drill rig access is not possible. All hand auger borings will be performed according to
ASTM D1452-80. -

Samples should be taken continuousiy unless otherwise specified by the project plan documents. Any
required sampling is performed by rotation, pressing, or driving in accordance with the standard or
approved method governing use of the particular sampling tool. Typical equipment used for sampling
and advancing shallow "hand auger" holes are iwan samplers (which are rotated) or post hole diggers
(which are operated like tongs). These techniques are slow but effective where larger pieces of
equipment do not have access, and where very shallow holes are desired (less than 15 feet). Surficial
soils must be composed of relatively soft and non-cemented formations to allow penetration by the
auger.

5.2.10 Rock Drilling and Coring

When soil borings cannot be continued using augers or rotary methods due to the hardness of the soil
or when rock or large boulders are encountered, drilling and sampling can be performed using a
diamond bit corer in accordance with ASTM D2113.

Drilling is done by rotating and applying downward pressure to the drill rods and drill bit. The drill bit
is a circular, hollow, diamond-studded bit attached to the outer core barrel in a double-tube core barrel.
The use of single-tube core barrels is not recommended, as the rotation of the barrel erodes the sample
and limits its use for detailed geological evaluation. Water or air is circulated down through the drill rods
and annular space between the core barret tubes to cool the bit and remove the cuttings. The bit cuts
a core out of the rock which rises into an inner barrel mounted inside the outer barrel. The inner core
barrel and rock core are removed by lowering a wire line with a coupling into the drill rods, latching onto
the inner barrel and withdrawing the inner barrel. A less efficient variation of this method utilizes a core
barrel that cannot be removed without pulling all of the drill rods. This variation is practical only if less
than 50 feet of core is required.

Core borings are made through the casing used for the soil borings. The casing must be driven and
sealed into the rock formation to prevent seepage trom the overburden into the hole to be cored (see
Section 5.3 of this guideline). A double-tube core barrel with a diamond bit and reaming shell or
equivalent should be used to recover rock cores of a size specified in the project plans. The most
common core barrel diameters are listed in Attachment A.

Soft or decomposed rock should be sampled with a driven split-barrel whenever possible or cored with
a Denison or Pitcher sampler.

When coring rock, including shale and claystone, the speed of the drill and the drilling pressure, amount
and pressure of water, and length of run can be varied to give the maximum recovery from the rock
being drilled. Should any rock formation be so soft or broken that the pieces continually fall into the hole
causing unsatisfactory coring, the hole should be reamed and a flush-joint casing installed to a point
below the broken formation. The size of the flush-joint casing must permit securing the core size
specified. When soft or broken rock is anticipated, the length of core runs should be reduced to less
than 5 feet to avoid core loss and minimize core disturbance.
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Advantages of core drilling include:
. Undisturbed rock cores can be recovered for examination and/or testing.

° in formations in which the cored hole will remain open without casing, water from the rock
fractures may be recovered from the well without the installation of a well screen and gravel
pack.

° Formation logging is extremely accurate.
° Drill rigs are relatively small and mobile.
Disadvantages include:
° Water or air is needed for drilling.
. Coring is slower than rotary drilling (and more expensive).
° Depth to water cannot accurately be determined if water is used for drilling.

™ The size of the borehole is limited.

This drilling method is useful if accurate determinations of rock lithology are desired or if open wells are
to be installed into bedrock. To install larger diameter wells in coreholes, the hole must be reamed out
to the proper size after boring, using air or mud rotary drilling methods.

5.2.11 Drilling & Support Vehicles

In addition to the drilling method required to accompilish the objectives of the field program, the type of
vehicle carrying the drill rig and/or support equipment and its suitability for the site terrain, wili often be
an additional deciding factor in planning the drilling program. The types of vehicles available are
extensive, and depend upon the particular drilling subcontractor's fleet. Most large drilling
subcontractors will have a wide variety of vehicle and drill types suited for most drilling assignments in
their particular region, while smaller drilling subcontractors will usually have a fleet of much more limited
diversity. The weight, size, and means of locomotion (tires, tracks, etc.) of the drill rig must be selected
to be compatible with the site terrain to assure adequate mobility between borehole locations. Such
considerations also apply to necessary support vehicles used to transport water and /or drilling materials
to the drill rigs at the borehole locations. When the drill rigs or support vehicles do not have adequate
mobility to easily traverse the site, provisions must be made for assisting equipment, such as bulldozers,
winches, timber planking, etc., to maintain adequate progress during the drilling program.

Some of the typical vehicles which are usually available for drill rigs and support equipment are:
. Totally portable drilling/sampling equipment, where all necessary components (tripods,
samplers, hammers, catheads, etc.) may be hand carried to the borehole site.

Drilling/sampling methods used with such equipment inciude:

- Hand augers and lightweight motorized augers.
- Retractable plug samplers--driven by hand (hammer).
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- Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead
mounted on one leg, used to install smali-diameter cased borings. This rig is
sometimes called a "monkey on a stick.”

Skid-mounted drilling equipment containing a rotary drill or engine-driven cathead (to lift
hammers and drill string), a pump, and a dismounted tripod. The skid is pushed, dragged,
or winched (using the cathead drum) between boring locations.

Small truck-mounted drilling equipment using a jeep, stake body or other light truck (4 to
6 wheels), upon which are mounted the drill and/or a cathead, a pump, and a tripod or small
drilling derrick. On some rigs, the drill and/or a cathead are driven by a power take-off from
the truck, instead of by a separate engine.

Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle
used has wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track "all
terrain vehicle" is also modified for this purpose. Some types of tracked drill rigs are called
"bombardier” or "weasel" rigs.

Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to
transport the drill, derrick, winches, and pumps or compressors. The drill may be provided
with a separate engine or may use a power take-off from the truck engine. Large augers,
hydraulic rotary and reverse circulation rotary drilling equipment are usually mounted on such
heavy duty trucks. For soft-ground sites, the drilling equipment is sometimes mounted on
and off the road vehicle having low pressure, very wide diameter tires and capable of fioating;
these vehicles are called “swamp buggy" rigs.

Marine drilling equipment is mounted on various floating equipment for drilling borings in
lakes, estuaries and other bodies of water. The floating equipment varies, and is often
manufactured or customized by the drilling subcontractor to suit specific drilling
requirements. Typically, the range of flotation vehicles include:

Barrel-float rigs - a drill rig mounted on a timber platform buoyed by empty 55-galion
drums or similar flotation units.

- Barge-mounted drill rigs.
- Jack-up platforms - drilling equipment mounted on a fioating platform having retractable
legs to support the unit on the sea or lake bed when the platform is jacked up out of

the water.

- Drill ships - for deep ocean drilling.

In addition to the mobility for the drilling equipment, similar consideration must be given for equipment
to support the drilling operations. Such vehicies or floating equipment are needed to transport drill water,
drilling supplies and equipment, samples, drilling personnel, etc. to and/or from various boring locations.

5.2.12

Equipment Sizes

in planning subsurface exploration programs, care must be taken in specifying the various drilling
components, so that they will fit properly in the boring or well.
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For drilling open boreholes using rotary drilling equipment, tri-cone drill bits are employed with air, water
or drilling mud to remove cuttings and cool the bit. Tri-cone bits are slightly smalier than the hoies they
drill (i.e., 5-7/8-inch or 7-7/8-inch bits will nominaily drill 6-inch and 8-inch holes, respectively).

For obtaining spiit-barrel samples of a formation, samplers are commonly manufactured in sizes ranging
from 2 inches to 3-1/2 inches in outside diameter. However, the most commonly used size is the
2-inch O.D., 1-3/8-inch 1.D. split-barrel sampler. When this sampler is used and driven by a 140-pound
(+ 2-pound) hammer dropping 30 inches (+ 1 inch), the procedure is called a Standard Penetration Test,
and the blows per foot required to advance the sampler into the formation can be correlated to the
formation’s density or strength.

in planning the drilling of boreholes using hollow-stem augers or casing, in which thin-wall tube samples
or diamond core drilling will be performed, refer to the various sizes and clearances provided in
Attachment A of this guideline. Sizes selected must be stated in the project plan documents.

5.2.13 Estimated Drilling Progress

To estimate the anticipated rates of drilling progress for a site, the foliowing must be considered:
e  The speed of the drilling method employed.

e  Applicable site conditions (e.g., terrain, mobility between borings, difficuit drilling conditions
in bouldery soils, rubble fill or broken rock, etc.).

® Project-imposed restrictions (e.g., drilling while wearing personal protective equipment,
decontamination of drilling equipment, etc.).

Based on recent experience in drilling average soil conditions (no boulders) and taking sampies at 5-
foot intervals, for moderate depth (30 feet to 50 feet) boreholes (not including instaliation or deveiopment
of wells), the following daily rates of total drilling progress may be anticipated for the following driliing
methods:

Average Daily Progress

Drilling Method

(linear feet)

Holiow-stem augers

75

Solid-stem augers

50’

Mud-Rotary Drilling

100’ (cuttings samples)

Rotosonic Drilling

100’-160" (continuous core)

Reverse-Circulation Rotary

100’ (cuttings samples) -

Skid-Rig with driven casing 30’
Rotary with driven casing 50’
Cable Tool 30
Hand Auger Varies
50’

Continuous Rock Coring
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5.3 Prevention of Cross-Contamination

A telescoping or multiple casing technique minimizes the potential for the migration of contaminated
groundwater to lower strata below a confining layer. The telescoping technique consists of drilling to
a confining layer utilizing a spun casing method with a diamond cutting or augering shoe (a method
similar to the rock coring method described in Section 5.2.10, except that larger casing is used) or by
using a driven-casing method (see Section 5.2.6 of this guideline) and installing a specified diameter steel
well casing. The operation consists of three separate steps. Initially, a drilling casing (usually of 8-inch
diameter) is installed followed by installation of the well casing (6-inch-diameter is common for 2-inch
wells). This well casing is driven into the confining layer to ensure a tight seal at the bottom of the hole.
The well casing is sealed at the bottom with a bentonite-cement slurry. The remaining depth of the
boring is drilled utilizing a narrower diameter spun or driven casing technique within the outer well
casing. A smaller diameter well casing with an appropriate length of slotted screen on the lower end,
is installed to the surface.

Clean sand is placed in the annulus around and to a point of about 2 feet above the screen prior to
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the
bottom of the outer well casing is sealed with a tremied cement-bentonite slurry which is pressure-
grouted or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean
material and grouted at the surface, or it is grouted all the way to the surface.

5.4 Cleanout of Casing Prior to Sampling

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay
adhering to the inside walls of the casing. The cieaning must extend to the bottom edge of the casing
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the
advancement of the casing. Loss of wash water during cleaning should be recorded.

For disturbed samples both above and below the water table and where introduction of relatively large
volumes of wash water is permissible. the cleaning operation is usually performed by washing the
material out of the casing with water; however, the cleaning should never be accomplished with a strong,
downward-directed jet which will disturb the underlying soil. When clean out has reached the bottom
of the casing or slightly below (as specified above), the string of tools should be lifted one foot off the
bottom with the water still flowing, until the wash water coming out of the casing is clear of granular soil
particles. In formations where the cuttings contain gravel and other larger particles, it is often useful to
repeatedly raise and lower the drill rods and wash bit while washing out the hole, to surge these large
particles upward out of the hole. As a time saver, the drilling contractor may be permitted to use a split-
barrel (split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material
below the spoon is not disturbed and the shoe of the spoon is not damaged. However, because the ball
check valve has been removed, in some formations it may be necessary to install a flap valve or spring
sampie retainer in the split-spoon bit, to prevent the sample from falling out as the sampler is withdrawn
from the hole. The use of jet-type chopping bits is discouraged except where large boulders and
cobbles or hard-cemented soils are encountered. If water markedly softens the soils above the water
table, clean out should be performed dry with an auger.

For undisturbed samples below the water table, or where wash water must be minimized, clean out is
usually accomplished with an appropriate diameter clean out auger. This auger has cutting blades at
the bottom to carry loose material up into the auger, and up-turned water jets just above the cutting
blades to carry the removed soil to the surface. In this manner, there is a minimum of disturbance at
the top of the material to be sampled. [f any gravel material washes down into the casing and cannot
be removed by the clean out auger, a split-barrel sampie can be taken to remove it; bailers and
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sandpumps should not be used. For undisturbed samples above the groundwater table, all operations
must be performed in a dry manner.

If all of the cuttings created by drilling through the overying formations are not cleaned from the
borehole prior to sampling, some of the problems which may be encountered during sampling include:

e  When sampling is attempted through the cuttings remaining in the borehole, all or part of the
sampler may become filled with the cuttings. This limits the amount of sample from the
underlying formation which can enter and be retained in the sampler, and also raises
questions as to the validity of the sample.

° If the cuttings remaining in the borehole contain coarse gravel and/or other large particies,
these may block the bit of the sampler and prevent any materials from the underlying
formation from entering the sampler when the sampler is advanced.

° In cased borings, should sampling be attempted through cuttings which remain in the lower
portion of the casing, these cuttings could cause the sampler to become bound into the
casing, such that it becomes very difficult to either advance or retract the sampler.

] When sampler blow counts are used to estimate the density or strength of the formation
being sampled, the presence of cuttings in the borehole will usually give erroneously high
sample blow counts.

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is
important that the rig geologist measure the “stickup” of the drill string. This is accomplished by
measuring the assembiled length of all drill rods and bits or samplers (the drill string) as they are lowered
to the bottom of the hole, below some convenient reference point of the drill string, then measuring the
height of this reference point above the ground surface. The difference of these measurements is the
depth of the drill string (lower end of the bit or sampler) below the ground surface, which must then be
compared with the depth of sampling required (installed depth of casing or depth of borehole drilled).
if the length of drill string below grade is more than the drilled or casing depth, the borehole has been
cleaned too deeply, and this deeper depth of sampling must be recorded on the log. If the length of drill
string below grade is less than the drilled or casing depth, the difference represents the thickness of
cuttings which remain in the borehole. In most cases. an inch or two of cuttings may be left in the
borehole with littie or no problem. However, if more than a few inches of cuttings are encountered, the
borehole must be recleaned prior to attempting sampiing.

5.5 Materials of Construction

The effects of monitoring well construction materials on specific chemical analytical parameters are
described and/or referenced in SOP GH-2.8. However, there are several materials used during drilling,
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the
representativeness of soil and ground water samples.

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for
chemical analysis are to be collected. These slurry materials could be used for installation of long-term
monitoring wells, but the early time data in time series collection of ground water data may then be
suspect. If synthetic or organic polymer muds are proposed for use at a given site, a complete written
justification including methods and procedures for their use must be provided by the site geologist and
approved by the Project Manager. The specific slurry composition and the concentration of suspected
contaminants for each site must be known.,
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For many driling operations, potable water is an adequate lubricant for drill stem and drilling tool
connections. However, there are instances, such as drilling in tight clayey formations or in loose gravels,
when threaded couplings must be lubricated to avoid binding. In these instances, to be determined in
the field by the judgment of the site geologist and noted in the site logbook, and only after approval by
the Project Manager, a vegetable oil or silicone-based lubricant should be used. Petroleum based
greases, etc. will not be permitted. Samples of lubricants used must be provided and analyzed for
chemical parameters appropriate to the given site.

5.6 Subsurface Soil Samples

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can
indicate the potential for migration of chemical contaminants in the subsurface. In addition, definition
of the actual migration of contaminants can be obtained through chemical analysis of the soil samples.
Where the remedial activities may include in-situ treatment or excavation and removal of the
contaminated soil, the depth and areal extent of contamination must be known as accurately as possible.

Engineering and physical properties of soil may aiso be of interest should site construction activities be
planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, unit
weight, and moisture content are some of the physical characteristics that may be determined for soil
samples.

Penetration tests are also described in this procedure. The tests can be used to estimate various
physical and engineering parameters such as relative density, unconfined compressive strength, and
consolidation characteristics of soils.

Surface protocols for various soil sampling techniques are discussed in SOP SA-1.3. Continuous-core
soil sampling and rock coring are discussed below. The procedures described here are representative
of a larger number of possible drilling and sampling techniques. The choice of techniques is based on
a large number of variables such as cost, local geology, etc. The final choice of methods must be made
with the assistance of drilling subcontractors familiar with the local geologic conditions. Alternative
techniques must be based upon the underying principles of quality assurance implicit in the following
procedures.

The CME continuous sample tube system provides a method of sampling soil continuously during hollow-
stem augering. The 5-foot sample barrel fits within the lead auger of a hollow-auger column. The
sampling system can be used with a wide range of |.D. hollow-stem augers (from 3-1/4-inch to
8-1/4-inch 1.D.). This method has been used to sample many different materials such as glacial drift,
hard clays and shales, mine tailings, etc. This method is particularly used when SPT samples are not
required and a large volume of material is needed. Also, this method is useful when a visual description
of the subsurface lithology is required. Rotosonic drilling methods also provide a continuous soil sample.

5.7 Rock Sampling (Coring) (ASTM D2113-83)

Rock coring enables a detailed assessment of borehole conditions to be made, showing precisely all
lithologic changes and characteristics. Because coring is an expensive drilling method, it is commonly
used for shallow studies of 500 feet or less, or for specific intervals in the drill hole that require detailed
logging and/or analyzing. Rock coring can, however. proceed for thousands of feet continuously,
depending on the size of the drill rig, and yields better quality data than air-rotary drilling, although at a
substantially reduced drilling rate. Rate of drilling varies widely, depending on the characteristics of
lithologies encountered, drilling methods, depth of drilling, and condition of drilling equipment. Average
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output in a 10-hour day ranges from 40 to over 200 feet. Down hole geophysical logging or television
camera monitoring is sometimes used to complement the data generated by coring.

Borehole diameter can be drilled to various sizes, depending on the information needed. Standard sizes
of core barrels (showing core diameter) and casing are shown in Figure 1.

Core drilling is used when formations are too hard to be sampled by soil sampling methods and a
continuous solid sample is desired. Usually, soil samples are used for overburden, and coring begins
in sound bedrock. Casing is set into bedrock before coring begins to prevent loose material from
entering the borehole, to prevent loss of drilling fluid, and to prevent cross-contamination of aquifers.

Drilling through bedrock is initiated by using a diamond-tipped core bit threaded to a drill rod (outer core
barrel) with a rate of drilling determined by the downward pressure, rotation speed of drill rods, drilling
fluid pressure in the borehole, and the characteristics of the rock (mineralogy, cementation, weathering).

5.7.1 Diamond Core Drilling

A penetration of typically less than 6 inches per 50 blows using a 140-lb. hammer dropping 30 inches
with a 2-inch split-barrel sampler shall be considered an indication that soil sampling methods may not
be applicable and that coring may be necessary to obtain samples.

When formations are encountered that are too hard to be sampled by soil sampling methods, the
following diamond core drilling procedure may be used:

° Firmly seat a casing into the bedrock or the hard material to prevent ioose materials from
entering the hole and to prevent the loss of drilling fluid return. Level the surface of the rock
or hard material when necessary by the use of a fishtail or other bits. f the drill hole can be
retained open without the casing and if cross-contamination of aquifers in the unconsolidated
materials is unlikely, leveling may be omitted.

] Begin the core drilling using a double-tube swivel-core barrel of the desired size. After drilling
no more than 10 feet (3 m), remove the core barrel from the hole and take out the core. If
the core blocks the fiow of the drilling fluid during drilling, remove the core barrel
immediately. In soft materials, a large starting size may be specified for the coring tools;
where local experience indicates satisfactory core recovery or where hard, sound materials
are anticipated, a smaller size or the single-tube type may be specified and longer runs may
be drilled. NX/NW size coring equipment is the most commonly used size.

. When soft materials are encountered that produce iess than 50 percent recovery, stop the
core drilling. If soil samples are desired, secure such samples in accordance with the
procedures described in ASTM Method D 1586 (Split-barrel Sampling) or in Method D 1587
(Thin-Walled Tube Sampling); sample soils per SOP SA-1.3. Resume diamond core drilling
when refusal materials are again encountered.

] Since rock structures and the occurrence of seams, fissures, cavities, and broken areas are
among the most important items to be detected and described, take special care to obtain
and record these features. If such broken zones or cavities prevent further advance of the
boring, one of the following three steps shall be taken: (1) cement the hole; (2) ream and
case; or (3) case and advance with the next smaller size core barrel, as conditions warrant.
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FIGURE 1
STANDARD SIZES OF CORE BARRELS AND CASING
. Nominal* Set Size*
Coring Bit Size
O.D. 1.D. 0.D. i.D.

RWT 1 5/32 3/4 1.160 0.735
EWT 1 1/2 29/32 1.470 0.905
EX, EXL. EWG, EWM 1.1/2 13/16 1.470 0.845
AWT 1 7/8 1 9/32 1.875 1.281
AX, AXL, AWG, AWM 1 7/8 1 3/16 1.875 1.185
BWT 2 3/8 1 3/4 2.345 1.750
BX, BXL. BWG, BWM 2 3/8 1 5/8 2.345 1.655
NWT 3 2 5/16 2.965 2.313
NX, NXL, NWG, NWM 3 2 1/8 2.965 2.155
HWT 3 29/32 3 3/16 3.889 3.187
HWG 3 29/32 3 3.8898 3.000
2 3/4 x 3 7/8 3 7/8 2 3/4 3.840 2.690
4 x 5 1/2 5 1/2 4 5.435 3.970
6 x 7 3/4 7 3/4 6 7.655 5.970
AX Wireline |/ 1.7/8 1 1.875 1.000
BX Wireline | ___/ 2 3/8 1 7/16 2.345 1.437
NX Wire line |/ 3 1 15/16 2.965 1.937

* All dimensions are in inches;

to convert to millimeters, multiply by 254.
___|_/ Wireline dimensions and designations may vary according to manufacturer.
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FIGURE 1
STANDARD SIZES OF CORE BARRELS AND CASING
PAGE TWO
. . . Casing Approximate Core
Size Designations Coupling Diameter
. Casing Core
Casing; Casing bit barrel | Drill rod
Casing o.D., oD bit 0.D.,
coupling; | Rod; rod | Inches | O.D., I.D., s 0.D., | inches | Normal, | Thinwall,
Casing | couplings Inches | Inches | INches || ocs inches | Inches
bits; Core
barrel bits
RX RW 1437 | 1437 | 1.188 1.485 1.160 1.094 | --- 0.735
EX E 1812 | 1812 1.500 1.875 1.470 1.313 | 0.845 0.905
AX A 2250 | 2.250 | 1.906 2.345 1.875 1.625 1.185 1.281
BX B 2875 | 2875 | 2.375 2.965 2.345 1.906 | 1.655 1.750
NX N 3.500 | 3.500 | 3.000 3.615 2.965 2375 { 2.155 2.313
HX HW 4500 | 4500 | 3.938 4.625 3.890 3.500 | 3.000 3.187
RW RW 1.437 1.485 1.160 1.094 | - 0.735
EW EW 1.812 1.875 1.470 1.375 | 0.845 0.905
AW AW 2.250 - o 2.345 1.875 1.750 1.185 1.281
c =4
BW BW 2.875 é 3 2.965 2.345 2.125 1.655 1.750
3
NW NW 3.500 < 8 3.615 2.965 2625 ) 2.155 2.313
HW HW 4.500 E 2 4625 3.890 3.500 | 3.000 3.187
PW - 5.500 5650 | --- - - -
SwW - 6.625 6.790 | --- - - ---
uw 7.625 7.800 | ---
W --- 8.625 8810 | --- - - .-
AX |\ - 1.875 | 1.750 | 1.000 | --
- BX | _\|-- 2345 | 2250 | 1.437 | -
NX | _\| -~ 2965 | 2813 | 1.937 | -

* All dimensions are in inches; to convert to millimeters, multiply by 254.
| / Wire line dimensions and designations may vary according to manutacturer.

NOMINAL DIMENSIONS FOR DRILL CASINGS AND ACCESSORIES.
(DIAMOND CORE DRILL MANUFACTURERS ASSOCIATION). 288-D-2889
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® In soft, seamy, or otherwise unsound rock, where core recovery may be difficult, M-design
core barrels may be used. in hard, sound rock where a high percentage of core recovery
is anticipated, the single-tube core barrel may be employed.

5.7.2 Rock Sample Preparation and Documentation

Once the rock coring has been completed and the core recovered, the rock core shall be carefully
removed from the barrel, placed in a core tray (previously labeled "top" and "bottom" to avoid confusion),
classified, and measured for percentage of recovery as well as the rock quality designation (RQD). Each
core shall be described, classified, and logged using a uniform system as presented in SOP GH-1.5. If
moisture content will be determined or if it is desirable to prevent drying (e.g., to prevent shrinkage of
clay formations) or oxidation of the core, the core shall be wrapped in plastic sleeves immediately after
logging. Each plastic sleeve shall be labeled with indelible ink. The boring number, run number, and
the footage represented in each sleeve shall be included, as well as designating the top and bottom of
the core run.

After sampling, rock cores shall be placed in the sequence of recovery in well-constructed wooden boxes
provided by the drilling contractor. Rock cores from two different borings shall not be placed in the
same core box unless accepted by the Project Geologist. The core boxes shall be constructed to
accommodate at least 20 linear feet of core in rows of approximately 5 feet each and shall be
constructed with hinged tops secured with screws, and a latch (usually a hook and eye) to keep the top
securely fastened down. Wood partitions shall be placed at the end of each core run and between rows.

The depth from the surface of the boring to the top and bottom of the drill run and run number shall be
marked on the wooden partitions with indelible ink. A wooden partition (wooden block) shall be placed
at the end of each run with the depth of the bottom of the run written on the block. These blocks will
serve to separate successive core runs and indicate depth intervals for each run. The order of placing
cores shall be the same in all core boxes. Rock core shall be placed in the box so that, when the box
is open, with the inside of the lid facing the observer, the top of the cored interval contained within the
box is in the upper left corner of the box, and the bottom of the cored interval is in the lower right corner
of the box. The top and bottom of each core obtained and its true depth shall be clearly and
permanently marked on each box. The width of each row must be compatible with the core diameter
to prevent lateral movement of the core in the box. Similarly, an empty space in a row shall be filled with
an appropriate filler material or spacers to prevent longitudinal movement of the core in the box.

The inside and outside of the core-box lid shall be marked by indelible ink to show all pertinent data on
the box’s contents. At a minimum, the following information shall be included:

Project name.

Project number.

Boring number.

Run numbers.

Footage (depths).

Recovery.

RQD (%).

Box number and total number of boxes for that boring (Example: Box 5 of 7).

For easy retrieval when core boxes are stacked, the sides and ends of the box shall also be labeled and
include project number, boring number. tap and bottom depths of core and box number.
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Prior to final closing of the core box, a photograph of the recovered core and the labeling on the inside
cover shall be taken. If moisture content is not critical, the core shall be wetted and wiped clean for the
photograph. (This will help to show true colors and bedding features in the cores).
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ATTACHMENT A
DRILLING EQUIPMENT SIZES
Designation or : .
Drilling Component Hgle Size (Ir%t?e.s) (Inlt':?\;as) CO(I'J'[‘)‘I:I:‘ISSI).D.
(Inches)
Hollow-stem augers 6 1/4 5 2 1/4
(Ret. 7) 6 3/4 5 3/4 2 3/4
7 1/4 6 1/4 3 1/4 —_
13 1/4 12 6 —
Thin Wall Tube Samplers - 2 1.7/8 -
(Ref. 7) 2 1/2 2 3/8 -
3 2 7/8
- 3 1/2 3 3/8 -
- 4 1/2 4 3/8 -
5 4 3/4 -
Drill Rods (Ref. 7) RW 1 3/32 23/32 13/32
EW 1 3/8 15/16 7/16
AW 1 3/4 1 1/4 5/8
BW 2 1/8 1 3/4 3/4
NW 2 5/8 2 1/4 1 3/8
HW 3 1/2 3 1/16 2 3/8
E 1 5/16 7/8 7/16
A 1 5/8 11/8 9/16
B 17/8 1 1/4 5/8
N 2 3/8 2 1
Wall Thickness
(Inches)
Driven External Coupled 2 172 2.875 2.323 0.276
Extra Strong Steel* Casing 3 35 29 0.300
(Ref. 8)
3 1/2 4.0 3.364 0.318
4 45 3.826 0.337
5 5.63 4813 0.375
6 6.625 5.761 0.432
8 8.625 7.625 0.500
10 10.750 9.750 0.500
12 12.750 11.750 0.500

* Add twice the casing wall thickness to casing O.D. to obtain the approximate O.D. of the

external pipe couplings.
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ATTACHMENT A
DRILLING EQUIPMENT SIZES
PAGE TWO
Designation or .
Drilling Component Hcgjle Size (Irft):.r?és) (mlgzé ) CO(TE:;:SS;'D'
(Inches)
Flush Coupled Casing RX 1 7/16 1 3/16 1 3/16
(Ref. 7) EX 1 13/16 1 5/8 11/2
AX 2 1/4 2 1 29/32
BX 2 7/8 2 9/16 2 3/8
NX 3 1/2 3 3/16 3
HX 4 1/2 4 1/8 3 15/16
Flush Joint Casing (Ref. 7) RW 1 7/16 1 3/16
EW 1 13/16 11/2
AW 2 1/4 1 29/32
BW 2 7/8 2 3/8
NW 3 1/2 3
HW 4 1/2 4
PW 5 1/2 5
Sw 6 5/8 6
uw 7 5/8 7
W 8 5/8 8
Diamond Core Barrels EWM 1 1/2 7/8**
(Ref. 7) AWM 1.7/8 1 1/8**
BWM 2 3/8 1 5/8**
NWM 3 2 1/8
HWG 3 7/8 3
2 3/4 x3 7/8 3 7/8 2 11/16
4 x5 1/2 5 1/2 3 15/16
6 x 7 3/4 7 3/4 5 15/16
AQ (wireline) 1 57/64 1 1/16**
BQ (wireline) 2 23/64 1 7/16**
NQ (wireline) 2 63/64 1 7/8
HQ (wireline) 3 25/32 2 1/2

**  Because of the fragile nature of the core and the difficulty to identify rock details, use of
small-diameter core (1 3/8") is not recommended.
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1.0 PURPOSE

The purpose of this document is to establish standard procedures and technical guidance on borehole
and sample logging.

2.0 SCOPE

These procedures provide descriptions of the standard techniques for borehole and sample logging.
These technigues shall be used for each boring logged to provide consistent descriptions of subsurface
lithology. While experience is the only method to develop confidence and accuracy in the description
of soil and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful
observation and by being consistent throughout the classification procedure.

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES

Site_Geologist. Responsible for supervising all boring activities and assuring that each borehole is
completely logged. !f more than one rig is being used on site, the Site Geologist must make sure that
each field geologist is properly trained in logging procedures. A brief review or training session may be
necessary prior to the start up of the field program and/or upon completion of the first boring.

5.0 PROCEDURES

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and
accurately use the field classification system described in this SOP. This identification is based on visual
examination and manual tests.

5.1 Materials Needed

When logging soil and rock samples, the geologist or engineer may be equipped with the foliowing:

Rock hammer

Knife

Camera

Dilute hydrochloric acid (HCl)

Ruler (marked in tenths and hundredths of feet)
Hand Lens

5.2 Classification of Soils

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is
needed. Details on filling out the boring log are discussed in Section 5.5.

5.2.1 USCS Classification

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of
classification is detailed in Figure 1 (Continued).
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FIGURE 1
BORING LOG (EXAMPLE)
e A
SSSS7/) S22 BORING LOG Page __of
PROJECT NAME: BORING NUMBER:"
PROJECT NUMBER: DATE:
DRILLING COMPANY: GEOLOGIST:
DRILLING RIG: DRILLER:
MATERIAL DESCRIPTION OO Raading (Fpm)
:.:.a: Depth au-;o w.ﬂ Uthelegy 1] -
an {Fe) |6 or Racevery Changs Son s
1;:: nu:’uc. ™ Length ‘ or ! ““:“" c Remarks 2 8 E
Intarval Rosk ? § § é
Hareness 1 NN
* VWhen rock Cormg, 8mer fock brokenses.
= inciude MONNOr reading in 6 foot Mervals @ resding fre i o rond Drilling Area
Remarks: Background (ppm):
Converted to Well: Yes No Well I1.D. #:
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This method of classification identifies soil types on the basis of grain size and cohesiveness.

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C).
Some classification systems define size ranges for these soil particles, but for field classification
purposes, they are identified by their respective behaviors. Organic material (O) is a common
component of soil but has no size range; it is recognized by its composition. The careful study of the
USCS will aid in developing the competence and consistency necessary for the classification of soils.

Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms sand and gravel
not only refer to the size of the soil particles but also to their depositional history. To insure accuracy
in description, the term rock fragments shall be used to indicate angular granutar materiais resuiting from
the breakup of rock. The sharp edges typically observed indicate little or no transport from their source
area, and therefore the term provides additional information in reconstructing the depositional
environment of the soils encountered. When the term “rock fragments” is used it shall be foliowed by
a size designation such as "(1/4 inch®-1/2 inch®)" or “coarse-sand size" either immediately after the
entry or in the remarks column. The USCS classification would not be affected by this variation in terms.

5.2.2 Color

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier
to denote variations in shade or color mixtures. A soil could therefore be referred to as "gray” or “light
gray" or "blue-gray.” Since color can be utilized in correlating units between sampling locations, it is
important for color descriptions to be consistent from one boring to another.

Colors must be described while the sample is still moist. Soil sampies shall be broken or spiit vertically
to describe colors. Sampilers tend to smear the sample surface creating color variations between the
sample interior and exterior.

The term "mottled” shall be used to indicate soils irreguiarly marked with spots of different colors.
Mottling in soils usually indicates poor aeration and lack of good drainage.

Soil Color Charts shall not be used unless specified by the project manager.
5.2.3 Relative Density and Consistency

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type.
Granutar soiis contain predominantly sands and gravels. They are noncohesive (particles do not adhere
well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together
when compressed).

The density of noncohesive, granular soils is classified according to standard penetration resistances
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating
Procedures GH-1.3 and SA-1.3. Those designations are:

019611/P . Brown & Root Environmental
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' Standard Penetration
Designation Resistance
(Blows per Foot)
Very loose : Oto 4
Loose 5to 10
) Medium dense 11 to 30
Dense 31 to 50
Very dense Over 50

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2-
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows is
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding the
number of blows required to penetrate the last 12 inches of each sample interval. 1t is important to note
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shall
be noted on the log and referenced to the sample number. Granular soils are given the USCS
classifications GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1).

The consistency of cohesive soils is determined by performing field tests and identifying the consistency
as shown in Figure 2.

Cohesive soils are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1).

The consistency of cohesive soils is determined either by biow counts, a pocket penetrometer (values
listed in the tabie as Unconfined Compressive Strength), or by hand by determining the resistance to
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted
on a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler.
The sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample
to determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment.
If the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil.
Consistency shall not be determined solely by biow counts. One of the other methods shall be used in
conjunction with it. The designations used to describe the consistency of cohesive soils are shown in
Figure 2.

019611/P
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FIGURE 2
CONSISTENCY FOR COHESIVE SOILS
Standard Cl'(')r:rc:;?;lsr::e
Consistency Fi;en_etratlon Strength Field Identification
esistance
(Blows per Foot) (Tons/Sq. Foot by
pocket penetration)
Very soft Oto2 Less than 0.25 Easily penetrated several inches by fist
Soft 210 4 0.25 1o 0.50 Easily penetrated several inches by
thumb
Medium stiff Can be penetrated several inches by
4to8 0.50t0 1.0 thumb with moderate effort

Stitf Readily indented by thumb but

81015 1010 2.0 penetrated only with great effort
Very stiff 15 to 30 201040 Readily indented by thumbnail
Hard Over 30 More than 4.0 Indented with difficulty by thumbnail

018611/P Brown & Root Environmental
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5.2.4 Weight Percentages

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various
grain types. The following terms are useful in the description of soil:

Defining Range of

Terms of Identifying Proportion of the Component Percentages by Weight

Trace 0 - 10 percent

Some 11 - 30 percent

Adjective form of the soil type (e.g., "sandy”) 31 - 50 percent
Examples:

° Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt.

. Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to
30 percent silt.

® Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent
clay.

° Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand.

5.2.5 Moisture

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated.
In dry soil, there appears to be little or no water. Saturated samples obviously have all the water they
can hold. Moist and wet classifications are somewhat subjective and often are determined by the
individual's judgment. A suggested parameter for this would be calling a soil wet if rolling it in the hand
or on a porous surface liberates water, i.e., dirties or muddies the surface. Whatever method is adopted
for describing moisture, it is important that the method used by an individual remains consistent
throughout an entire drilling job.

Laboratory tests for water content shall be performed if the natural water content is important.

5.2.6 Stratification

Stratification can only be determined after the sample barrel is opened. The stratification or bedding
thickness for soil and rock is depending on grain size and composition. The classification to be used
for stratification description is shown in Figure 3.

5.2.7 Texture/Fabric/Bedding

The texture /fabric/bedding of the soil shall be described. Texture is described as the relative angularity
of the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as to whether
the particles are flat or bulky and whether there is a particular relation between particles (i.e., all the fiat
particles are parallel or there is some cementation). The bedding or structure shall also be noted (e.g.,
stratified, lensed, nonstratified, heterogeneous varved).

019611/P Brown & Root Environmental
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FIGURE 3
BEDDING THICKNESS CLASSIFICATION
. Thickness
Thlckn'ess (Approximate English Classification
(metric) .
Equivaient)
> 1.0 meter > 3.3 Massive
30 cm - 1 meter. 1.0 - 3.3 Thick Bedded
10cm - 30 cm 4" -1.0 Medium Bedded
3cm-10cm 1" - 4" Thin Bedded
1cm-3cm 2/5" - 1" Very Thin Bedded
3mm-1cm 1/8"-2/5" Laminated
1 mm-3 mm 1/32°-1/8" Thinly Laminated
< 1 mm <1/32" Micro Laminated

(Weir, 1973 and Ingram,

1954)
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5.2.8

In summary, soiis shall be classified in a similar manner by each geologist/engineer at a project site.
The hierarchy of classification is as follows: '

5.3

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks
are by far the predominant type exposed at the earth’s surface. The following basic names are applied
to the types of rocks found in sedimentary sequences:

in classifying a sedimentary rock the following hierarchy shall be noted:

Summary of Soil Classification

Density and/or consistency
Color

Plasticity (Optional)

Soil types

Moisture content
Stratification

Texture, fabric, bedding
Other distinguishing features

Classification of Rocks

Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm
in diameter.

Siltstone - Made up of granular materials less than 1/16to 1/256 mm in diameter.
Fractures irregularly. Medium thick to thick bedded.

Claystone - Very fine-grained rock made up of clay and silt-size materials. Fractures
irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of
drilled cores.

Shale - A fissile very fine-grained rock. Fractures along bedding planes.

Limestone - Rock made up predominantly of calcite (CaCO,). Effervesces strongly upon
the application of dilute hydrochloric acid.

Coal - Rock consisting mainly of organic remains.

Others - Numerous other sedimentary rock types are present in lesser amounts in the
stratigraphic record. The local abundance of any of these rock types is dependent upon
the depositional history of the area. Conglomerate, halite, gypsum, dolomite, anhydrite,
lignite, etc. are some of the rock types found in lesser amounts.

Rock type

Color

Bedding thickness
Hardness

Fracturing
Weathering

Other characteristics

019611/P
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5.3.1 Rock Type

As described above, there are numerous types of sedimentary rocks. In most cases, a rock will be a
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone
can be used. The modifier indicates that a significant portion of the rock type is composed of the
modifier. Other modifiers can include carbonaceous, calcareous, siliceous, etc.

Grain size is the basis for the classification of clastic sedimentary rocks. Figure 4 is the Udden-
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are
slightly different than the USCS subdivision for soil classification. For field determination of grain sizes,
a scale can be used for the coarse grained rocks. For example, the division between siltstone and
claystone may not be measurable in the field. The boundary shall be determined by use of a hand lens.
If the grains cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a
siltstone. [f the grains are not distinguishable with a hand lens, the rock is a claystone.

5.3.2 Color

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior
to color classifications.

Rock color charts shall not be used unless specified by the Project Manager.
5.3.3 Bedding Thickness

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock
classification.

5.3.4 Hardness

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of
the rock. A relative scale for sedimentary rock hardness is as follows:

° Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched
by fingernail. Soft rock crushes or deforms under pressure of a pressed hammer. This
term is always used for the hardness of the saprolite (decomposed rock which occupies
the zone between the lowest soil horizon and firm bedrock).

. Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly
edges from single hammer blow.

. Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp
edges from single hammer blow.

° Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot
be scratched with screwdriver.

Note the difference in usage here of the works "scratch” and “gouge.” A scratch shall be considered a
slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch
in the rock itself), while a gouge is much deeper.

019611/P Brown & Root Environmental
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FIGURE 4
GRAIN SIZE CLASSIFICATION FOR ROCKS
Particie Name Grain Size Diameter
Cobbles > 64 mm
Pebbles 4 -64 mm
Granules 2-4mm
Very Coarse Sand 1-2mm
Coarse Sand 05-1mm
Medium Sand 0.25 - 0.5 mm
Fine Sand 0.125 - 0.25 mm
Very Fine Sand 0.0625 - 0.125 mm
Silt 0.0039 - 0.0625 mm
After Wentworth, 1922
018611/P Brown & Root Environmental
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5.3.5 Fracturing

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint
spacing. After eliminating drilling breaks, the average spacing is calculated and the fracturing is
described by the following terms:

Very broken (V. BR.) - Less than 2-inch spacing between fractures
Broken (BR.) - 2-inch to 1-foot spacing between fractures

Blocky (BL.) - 1- to 3-foot spacing between fractures

Massive (M.) - 3 to 10-foot spacing between fractures

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding
4 inches and dividing by the total length of the coring run, to obtain a percentage.

Method of Calculating RQD
(After Deere, 1964)

RQD % = r/l x 100
r = Total length of all pieces of the lithologic unit being measured, which are
greater than 4 inches length, and have resulted from natural breaks. Natural
breaks include slickensides, joints, compaction slicks, bedding plane partings
(not caused by drilling), friable zones, etc.

I = Total length of the coring run.

5.3.6 Weathering

The degree of weathering is a significant parameter that is important in determining weathering profiles

and is also useful in engineering designs. The following terms can be applied to distinguish the degree
of weathering:

° Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no
staining and rock has a bright appearance.

. Slight - Rock has some staining which may penetrate several centimeters into the rock.
Clay filling of joints may occur. Feldspar grains may show some alteration.

° Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened
due to weathering and can be easily broken with hammer.

° Severe - All rock including quartz grains is stained. Some of the rock is weathered to the
extent of becoming a soil. Rock is very weak.

5.3.7 Other Characteristics
The following items shall be inciuded in the rock description:

° Description of contact between two rock units. These can be sharp or gradational.
° Stratification (parallel, cross stratified).

019611/P Brown & Root Environmental



Subject Number Page
GH-1.5 15 of 21
BOREHOLE AND SAMPLE LOGGING — ——
0 03/01/96

Description of any filled cavities or vugs.

Cementation (calcareous, siliceous, hematitic).

Description of any joints or open fractures.

Observation of the presence of fossils.

Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating,
and degree of weathering.

All information-shown on the boring logs shall be neat to the point where it can be reproduced on a copy
machine for report presentation. The data shall be kept current to provide control of the drilling program
and to indicate various areas requiring special consideration and sampling.

5.3.8 Additional Terms Used in the Description of Rock
The following terms are used to further identify rocks:

° Seam - Thin (12 inches or less), probably continuous layer.

® Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For
example, rock composed of seams of sandstone (70 percent) and shale (30 percent) would
be “sandstone -- some shale seams."

° Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For
example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would
be "sandstone -- few shale seams.”

° Interbedded - Used to indicate thin or very thin alternating seams of material occurring in
approximately equal amounts. For example, rock composed of thin alternating seams of

sandstone (50 percent) and shale (50 percent) would be "interbedded sandstone and shale."

[ intedayered - Used to indicate thick alternating seams of material occurring in
approximately equal amounts.

The preceding sections describe the classification of sedimentary rocks. The following are some basic
names that are applied to igneous rocks:

° Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and
pyroxene.

° Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The fine-
grained equivalent of a granite.

. Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz.

. Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and
hornblende.

] Gabbro - A coarse-grained plutonic rock consisting of caicic plagioclase and clinopyroxene.
Loosely used for any coarse-grained dark igneous rock.

019611/P Brown & Root Environmental
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The following are some basic names that are applied to metamorphic rocks:

° Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage.
Contains predominantly chiorite, mica, quartz, and sericite.

° Phyliite - A fine-grained foliated rock that splits into thin fiaky sheets with a silky sheen on
cleavage surface.

° Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the
micaceous minerals which dominate its composition.

° Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals.

° Quartzite - A fine- to coarse-grained nonfoliated rock breaking across grains, consisting
essentially of quartz sand with silica cement.

5.4 Abbreviations

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a
minimum. Following are some of the abbreviations that may be used:

c - Coarse - Lt - Light Yl - Yellow
Med - Medium BR - Broken Or - Orange
F - Fine BL - Blocky ss - Sandstone
- Very M - Massive Sh - Shale
Sl - Slight Br - Brown LS - Limestone
Occ - Occasional BI - Black Fgr - Fine-grained
Tr - Trace
5.5 Boring Logs and Documentation

This section describes in more detail the procedures to be used in completing boring logs in the field.
Information obtained from the preceding sections shall be used to complete the logs. A sample boring
log has been provided as Figure 5.

The field geologist/engineer shall use this example as a guide in completing each boring log. Each
boring log shall be fully described by the geologist/engineer as the baring is being drilled. Every sheet
contains space for 25 feet of iog. Information regarding classification details is provided either on the
back of the boring log or on a separate sheet, for field use.

019611/P Brown & Root Environmental
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FIGURE 5
COMPLETED BORING LOG (EXAMPLE)
BORING LOG Page | of L
PROJECT NAME: NEB- SITg BORING NUMBER: SB/Mw |
PROJECT NUMBER: 9594 DATE: 3/8a/9¢
DRILLING COMPANY: soiLtTest CO. GEOLOGIST: S) ComTl
DRILLING RIG: CUME-SS DRILLER: R. RocK
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e sl Pt Meanusndf e v
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YT-LE io B | Rock Tp - TR BRICKS
l LFIU-) Fil.TO 4'%
4.0 4.0 \
- 3.
Se_z > 2 %o M CENSE | T -TR_FINE ~w O0oR OO ]~ | =
AT. MATL .
odfp.0 | 2% GRAVEL | |Tomi ShmblE
. 2’9 5B0I-04O0t PR
. [
8.© 8.0 1 1
s> £5 |'Ys0 DENSE. |mag F1nE To COARSE SARD [Sw| wer ololojo
%8105 3¢ TRE GRAvEy | lum weegsn’s
12.© 1.0 {
-4 .o
% it 4o STIFF SUTY CUAY CL | MOIST »uyEX 0l.5|—-{~=
o83q,.0 2%
15.0 IS.0 1 1 AUGER REFE LS’
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N W EINTS @ 15.5
D, N WATER STAINS
Ys |@® ko | e1..517.111.5 |[C[C|o]O
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q Yo 1S.S
X S0 N SEx 210
V6D %.0 q BVC XpEew 1-25/0 101010
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* When rock COMNG, SMF MOCK Drokenses.
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5.5.1

Soil Classification

Identify site name, boring number, job number, etc. Elevations and water level data to be
entered when surveyed data is available.

Enter sample number (from SPT) under appropriate column. Enter depth sample was taken
from (1 block = 1 foot). Fractional footages, i.e., change of lithology at 13.7 feet, shall be
lined off at the proportional location between the 13- and 14-foot marks. Enter blow counts
(Standard Penetration Resistance) diagonally (as shown). Standard penetration resistance
is covered in Section 5.2.3. -

Determine samplé recovery/sample length as shown. Measure the total length of sample
recovered from the split-spoon sampler, including material in the drive shoe. Do notinciude
cuttings or wash material that may be in the upper portion of the sample tube.

Indicate any change in lithology by drawing a line at the appropriate depth. For example,
if clayey silt was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall
be drawn at this increment. This information is helpful in the construction of cross-sections.
As an alternative, symbols may be used to identify each change in lithology.

The density of granular soils is obtained by adding the number of blows for the last two
increments. Refer to Density of Granuiar Soils Chart on back of log sheet. For consistency
of cohesive soils refer also to the back of log sheet - Consistency of Cohesive Soils. Enter
this information under the appropriate column. Refer to Section 5.2.3.

Enter color of the material in the appropriate column.

Describe material using the USCS. Limit this column for sample description only. The
predominate material is described fast. If the primary soil is silt but has fines (clay) - use
clayey silt. Limit soil descriptors to the following:

- Trace: 0 - 10 percent
- Some: 11 - 30 percent
- And/Or: 31 - 50 percent

Also indicate under Materiai Classification if the material is fill or natural soils. Indicate
roots, organic material, etc.

Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one
of two basic groups, a borderline symboi may be used with the two symbols separated by
a slash. For example ML/CL or SM/SP.

The following information shall be entered under the "Remarks" column and shall include,
but is not limited by, the following:

- Moisture - estimate moisture content using the following terms - dry, moist,
wet and saturated. These terms are determined by the individual. Whatever
method is used to determine moisture, be consistent throughout the log.
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5.5.2

- Angularity - describe angularity of coarse grained particles using the terms
angular, subangular, subrounded, or rounded. Referto ASTM D 2488 or Earth
Manuat for criteria for these terms.

- Particle shape - flat, elongated, or flat énd elongated.
- Maximum particle size or dimension.
- Water level observations.
- Reaction with HCI - none, weak, or strong.
Additional comments:

- Indicate presence of mica, caving of hole, when water was encountered,
difficulty in drilling, loss or gain of water.

- Indicate odor and Photoionization Detector (PID) or Flame lonization Detector
(FID) reading if appiicable.

- Indicate any change in lithology by drawing a line through the lithology
change column and indicate the depth. This will help when cross-sections are
subsequently constructed.

- At the bottom of the page indicate type of rig, drilling method, hammer size
and drop, and any other useful information (i.e., borehole size, casing set,
changes in drilling method).

- Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the
bottom of each sample to the top of the next sample to indicate consistency
of material from sample to sample, if the material is consistent. Horizontal
lines shall be drawn if there is a change in lithology, then vertical lines drawn
to that point.

- Indicate screened interval of weli, as needed, in the lithology column. Show
top and bottom of screen. Other detaits of well construction are provided on
the well construction forms.

Rock Classification

Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate
core run depths by drawing coring run lines (as shown) under the first and fourth columns
on the log sheet. Indicate RQD, core run number, RQD percent, and core recovery under
the appropriate columns. '

Indicate lithology change by drawing a line at the appropriate depth as explained in
Section 5.5.1.

Rock hardness is entered under designated column using terms as described on the back
of the log or as explained earlier in this section.
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° Enter color as determined while the core sample is wet; if the sample is cored by air, the
core shall be scraped clean prior to describing color.

. Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks
use terms as described in Section 5.3. Again, be consistent in classification. Use modifiers
and additional terms as needed. For igneous and metamorphic rock types use terms as
described in Sections 5.3.8.

° Enter brokenness of rock or degree of fracturing under the appropriate column using
symbols VBR, BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the
Boring Log.

) The following information shall be entered under the remarks column. items shall include
but are not iimited to the following:

- Indicate depths of joints, fractures and breaks and also approximate to
horizontal angle (such as high, low), i.e., 70° angle from horizontal, high angle.

- Indicate calcareous zones, description of any cavities or vugs.
- Indicate any loss or gain of drill water.

- Indicate drop of drill tools or change in color of drill water.

Remarks at the bottom of Boring Log shall include:
- Type and size of core obtaiﬁed.
- Depth casing was set.
- Type of rig used.
. As a final check the boring log shall inciude the following:

- Vertical lines shall be drawn as explained for soil classification to indicate
consistency of bedrock material.

- If applicable, indicate screened interval in the lithology column. Show top and
bottom of screen. Other details of well construction are provided on the well
construction forms.

5.5.3 Classification of Soil and Rock from Drill Cuttings

The previous sections describe procedures for classifying soil and rock samples when cores are
obtained. However, some drilling methods (air/mud rotary) may require classification and borehole
logging based on identitying drill cuttings removed from the borehole. Such cuttings provide only

general information on subsurface lithoiogy. Some procedures that shall be followed when logging
cuttings are:

] Obtain cutting samples at approximately 5-foot intervals, sieve the cuttings (if mud rotary
drilling) to obtain a cleaner sample, place the sample into a small sample bottle or “zip lock”
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bag for future reference, and label the jar or bag (i.e. hole number, depth, date, etc.).
Cuttings shall be closely examined to determine general lithology.

. Note any change in color of drilling fluid or cuttings, to estimate changes in fithology.

° Note drop or chattering of drilling tools or a change in the rate of drilling, to determine
fracture locations or lithologic changes.

™ Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify

potential fracture zones.

'Y Record this and any other useful information onto the boring log as provided in Figure 1.

This logging provides a general description of subsurface lithology and adequate information can be
obtained through careful observation of the drilling process. It is recommended that split-barre! and rock
core sampling methods be used at selected boring locations during the field investigation to provide
detailed information to supplement the less detailed data generated through borings drilled using air/mud

rotary methods.

5.6 Review

Upon completion of the borings iogs, copies shall be made and reviewed. Items to be reviewed include:

° Checking for consistency of all logs.

° Checking for conformance 1o the guideline.
° Checking to see that all information is entered in their respective columns and spaces.

6.0 REFERENCES
Unified Soil Classification System (USCS).

ASTM D2488, 1985.

Earth Manual, U.S. Department of the Interior, 1974.

7.0 RECORDS

Originats of the boring iogs shall be retained in the project files.
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1.0 PURPOSE

This guideline is intended to describe procedures for performing in-situ hydraulic conductivity testing
(stug testing) in boreholes and monitoring wells, and provide a short description of commonly used
evaluation techniques for the data generated. Slug tests are used to provide data regarding the hydraulic
properties of the formation tested. A variation of the siug test, called a constant-head test, is also briefly
described.

2.0 SCOPE

Slug tests are short-term tests designed to provide approximate hydraulic conductivity values for the
portion of a formation immediately surrounding the screened/open interval of a well or boring. These
tests are less accurate than pumping tests, as a much more localized area is involved. Therefore, a
number of slug tests are performed and averaged to determine a representative hydraulic conductivity
value for the formation tested. Performance of slug tests may be preferable to pumping tests in
situations where handling of large volumes of contaminated water is a concern or when time/budget
constraints preciude the more expensive and time-consuming setup and performance of a pumping test.

Constant-head tests also are used to determine hydraulic conductivity values and are similar to slug tests
with regard to the quality of data obtained and time/cost considerations. A disadvantage of constant-
head tests is that a significant volume of water may be added to the formation, potentiaily affecting short-
term water quality.

3.0 GLOSSARY

Hydraulic Conductivity (K) - A quantitative measure of the ability of porous material to transmit water.
Volume of water that will flow through a unit cross-sectional area of porous material per unit time under
a head gradient. Hydraulic conductivity is dependent upon properties of the medium and fluid. Common
units of expression include centimeters per second (cm/sec), feet per day (ft/day), and gallons per day
per foot? (gpd /ftz).

Transmissivity (T) - A quantitative measure of the ability of an aquifer to transmit water. The product of
the hydraulic conductivity times the saturated thickness.

Slug Test - A rising head or faliing head test used to measure hydraulic conductivity. A stug test consists
of instantaneously changing the water level within a well and measuring the rate of recovery of the water
level to equilibrium conditions. Slug tests are performed by either withdrawing a slug of water (rising
head test) or adding a slug of water (falling head test), then measuring recovery over time. A solid slug
of known volume can be used to displace a volume of water, thereby simuiating the addition or removal
of water.

4.0 RESPONSIBILITIES

Project Hydrogeologist - The project hydrogeologist, in conjunction with the Project Manager, shall
evaluate the type(s) and extent of hydraulic testing required for a given project during the planning
process, and design the field program accordingly. The project hydrogeologist also shall ensure that
field personnel have the necessary training and guidance to properly perform the tests, and shall oversee
data reduction activities, including selecting the appropriate evaluation techniques and checking
calculations for accuracy.
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Field Geologist - The field geologist is responsible for performing the planned field tests as specified in
the project planning documents, (or approved modifications thereto). The field geologist also generally
assists in the data evaluation process. The field geologist shall be knowledgeable in the testing
methodologies used and is responsible for obtaining the necessary support equipment required to
perform the field tests. All applicable data regarding testing procedures, equipment used, well
construction, and geologic/hydrogeologic conditions shall be recorded by the field geologist. The fieid
geologist shall be familiar enough with testing procedures/requirements to be able to recommend
changes in methodology, should unanticipated field conditions be encountered.

5.0 PROCEDURES

5.1 In-situ Hydraulic Conductivity Testing in Wells

Slug tests are commonly performed in completed wells. Prior to testing, the well shall be thoroughly
developed and allowed to stabilize, in order to obtain accurate results. Once the water level within the
well has stabilized, it shall be quickly raised or lowered and the rate of recovery measured.

One of the basic assumptions of slug testing is that the initial change in water level is instantaneous;
therefore, an effort shall be made to minimize the time involved in raising or lowering the water level
initially. Various methods can be used to induce instantaneous (or nearly instantaneous) changes in
water level within the well. A rise in water levels can be induced by pouring water into the well. A solid
slug of known volume, quickly lowered below the water level within the well, will displace an equivalent
volume of water and raise the water level within the well. The slug can be left in place until the water
level restabilizes at the static water level. then suddenly removed to create a drop in water level within
the well. An advantage of using a solid cylinder of known volume (slug) to change the water level is that
no water is removed or added to the monitoring well. This eliminates the need to dispose of
contaminated water and/or add water to the system, which might raise doubts regarding the
representativeness of future groundwater samples. A bailer or pump can be used to withdraw water from
the well. If a pump is used, pumping shall not continue for more than several seconds so that a cone
of depression is not created which would adversely impact testing results. The pump hose shall also be
removed from the well during the recovery period, as data analysis techniques involve volume of
recovery versus time. and leaving the hose within the well wouid distort the calculated testing results by
altering the apparent volume of recovery. Falling head slug tests should only be performed in welis with
fully submerged screens, while rising head slug tests can be performed in wells with either partially or
fully submerged screens/open intervals.

Other methods that can be used to change water levels within a well include creating a vacuum or a high
pressure environment within the well. The vacuum method will raise water levels within the well, while
the pressure method will depress the water level in the well. These methods are particularly useful in
highly permeable formations where other methods are ineffective in creating measurable changes in
water levels. Both of these methods are limited to wells which have completely submerged screens.

Rate of recovery measurements shall be obtained from time zero (maximum change in water level) until
water level recovery exceeds 90 percent of the initial change in water level. In low permeability
formations, the test may be cut-off short of 90 percent recovery due to time constraints. Time intervals
between water level readings will vary according to the rate of recovery of the weli. For a moderately
fast recovering well, water level readings at 0. 0.1, 0.2, 0.3, 0.4, 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 255, 3.0,
4.0, ... minutes may be required. With practice, readings at down to 0.05-minute (3 seconds) time
intervals can be obtained with reasonable accuracy, using a pressure transducer and hand held readout.
For wells which recover very fast, a pressure transducer and data logger may be required to obtain
representative data. Time intervals between measurements can be extended for slow recovering wells.
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A typical schedule for measurements for a slow recovering well would be 0, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0,
3.0, 4.0, 6.0, 8.0, 10.0, 15.0, 20.0, 30.0, . . . minutes from the beginning the test. Measurements shall be
taken from the top of the well casing.

Water level measurements can be obtained using an electric water level indicator, popper, or pressure
transducer. Steel tape coated with chalk or water sensitive paste although very accurate, is a slower
method of obtaining water levels and is generally not recommended for use due to the frequency at
which water level measurements need to be obtained during the performance of a siug test.

The following data shall be recorded when performing slug tests in wells or borings:

Well/boring ID number

Total depth of well/boring
Screened/open interval depth and length
Gravel pack interval depth and length
Well and boring radii

Well stickup above ground surface
Gravel pack radius

Static water level

Aquifer thickness

Depth to confining layer
Time/recovery data

Gravel pack porosity

A variation of the slug test, called a constant-head test, is a test in which water is added to the well at
a measured rate sufficient to maintain the water level in the well at a constant height above the static
water level. Once a stable elevated water level has been achieved, discharge (pumping) rate
measurements are recorded in place of time/recovery data for approximately 10 to 20 minutes. The
hydraulic conductivity is then calculated from this information. The constant-head test is generally not
recommended for monitoring wells as large volumes of water may be introduced into the screened
formation, potentially impacting later sampling events.

5.2 in-situ Hydraulic Conductivity Testing in Borings

Slug tests can be performed in borings while the boring is being advanced. This permits testing of
formations at different depths throughout the drilling process. Boreholes to be tested shall be drilled
using casing. so that discrete depths may be investigated. Various tests and testing methods are
described below. The most appropriate test and testing method to be used in a situation varies with

driliing, geologic, and general site conditions and shall be selected after a careful evaluation of the above
factors.

Rising head or falling head slug tests can be performed in saturated and unsaturated formations during
drilling. There are two ways that the tests can be performed. One way entails setting the casing flush
with the bottom of the boring when the desired testing depth has been reached. The hole is then
cleaned out to remove loose materials. the drill bit and rods are carefully withdrawn from the boring, and
a few feet of sand (of higher permeability than the surrounding formation) is added to the bottom of the
boring. After the water level in the boring has stabilized (for saturated formations), the static water level
is measured and recorded. The water ievel is then raised (faliing head test) or lowered (rising head test)
and the change in water level is measured at time intervals determined by the field hydrogeologist. Only
falling head tests can be performed for depth intervals within the unsaturated (vadose) zone. As
described for wells, time intervals for water level measurements will vary according to the formation’s
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hydraulic conductivity. The faster the rate of recovery expected, the shorter the time intervals between
measurements shall be. A predetermined pattemn of time intervals must be used during each test. The
rate of change of water level will be used to calculate hydraulic conductivity. The test is to be conducted
until the water level again stabilizes, or for a minimum of 20 minutes. In low permeability formations, it
is not always practical to run the test until the water level stabilizes, as it may take a iong time to do so.
The top of the casing shall be used as the reference point for all water level measurements.

The second method for conducting a slug test during drilling consists of placing a temporary well with
a short screen into the cieaned-out boring, pulling the drilling casing back to expose the screen, aliowing
the formation to collapse around the screen (or placing a sand/gravel pack around the screen), and
performing the appropriate hydraulic conductivity test in the well, as described for the first method.
Again, the test shall be conducted until the water level stabilizes or for a minimum of 20 minutes. This
method allows for testing a larger section of the formation and results in more reliable hydraulic
conductivity estimates.

Constant-head tests may also be performed in borings. As described for monitoring wells, once a stabie
elevated level has been achieved, the discharge rate into the boring is measured for a period of time,
usually 10 to 20 minutes, and the hydraulic conductivity is calculated from this. This method is the most
accurate method depicted in this section, and shall be given preference over others if the materials are
available to perform the test and the addition of water to the boring does not adversely impact project
objectives. Once the test is over, additional information can be gathered by measuring the rate of the
drop in water level in the boring (for saturated formations). A limitation of the constant-head test is that
foreign water is introduced into the formation which must be removed from the well area by natural or
artificial means, before a representative groundwater sample can be obtained.

Detailed descriptions regarding the performance of borehole hydraulic conductivity tests and subsequent
data analysis techniques are provided in Ground Water Manual (1981).

5.3 Data Analysis

There are a number of data analysis methods available to reduce and evaluate slug testing data. The
determination of which method is most appropriate shall be made based on the testing conditions
(including physical setup of the well /boring tested. hydrogeologic conditions, and testing methodology)
and the limitations of each test analysis method. Well construction details, aquifer type (confined or
unconfined), and screened/open interval (fully or partially penetrating the aquifer) shall be taken into
account in selecting an analysis method. Cooper, et al. (1967), and Papadapulos, et al. (1973) have
developed test interpretation procedures for fully penetrating wells in confined aquifers. Hvorslev (1951)
developed a relatively simple analytical procedure for point piezometers in an infinite isotropic medium.
In Cedergren (1967), Hvorslev presents a number of analytical procedures which cover a wide variety
of hydrogeologic conditions, testing procedures. and well/boring/piezometer configurations. Bouwer
and Rice (1976) developed an analytical technique applicable to both unconfined and confined
conditions, which factors in partial /full penetration and discusses well screen gravel pack considerations.
The Ground Water Manual (1981) presents a number of testing and test analysis procedures for wells
and borings open above or below the water table, and for both falling head and constant-head tests.
The methods described above do not represent a complete listing of test analysis methods available, but
are some of the more commonly used and accepted methods. Other methods can be used, at the
discretion of the project hydrogeologist and in concurrence with the Project Manager and client.

One consideration to be noted during data analysis is the determination of the screened/open interval
of a tested well. If a well with a fully submerged screen is installed in a relatively low permeability
formation, and a gravel pack which is significantly more permeabile is installed around the screen, the
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length of the gravel pack (if longer than the screened interval) may be used as the screened/open length,
rather than the screen length itself. In situations where the formation permeability is judged to be
comparable to the gravel pack permeability (within about an order of magnitude) this adjustment is not
required.

All data analysis applications and calculations shall be reviewed by technical personnel thoroughly
familiar with testing and test analysis procedures. Upon approval of the calculations and results, the
calculation sheets shall be initialed and dated by the reviewer. Distribution copies shall be supplied to
appropriate project personnel and the original copy stored in the project central file.

6.0 REFERENCES

Cedergren, H. R., 1967. Seepage, Drainage, and Flow Nets. John Wiley and Sons Inc., New York,
pp. 78-76.

Cooper, H. H., Jr,, J. D. Bredehoeft. and |. S. Papadopulos, 1967. Response of a Finite-Diameter Well
to an Instantaneous Change of Water. Water Resources Research, V. 3, No. 1, pp. 263-269.

Hvorslev, M. J., 1951. Time Lag and Soil Permeability in Ground Water Observations. U.S. Army Corps
of Engineers, Waterways Experiment Station, Washington, D.C., Bull. No. 36.

Papadopulos, |. S., J. D. Bredehoeft, and H. H. Cooper. 1973. On the Analysis of Slug Test Data. Water
Resources Research, V. 9. No. 4, .pp. 1087-1089.

Bouwer, H. and R. C. Rice, 1976. "A Slug Test for Determining Hydraulic Conductivity of Unconfined
Aquifers with Completely or Partially Penetrating Wells." Water Resources Research, 12:423-28.

United States Department of the Interior. 1981. Ground Water Manual. U.S. Government Printing Office,
Denver, Colorado.

7.0 RECORDS

Field data shall be recorded on the data sheet included as Attachment A (or equivalent). Any notes
regarding testing procedures, problems encountered, and general observations not included on the data
sheet shall be noted in the bound site logbook or field notebook. The boring log and well construction
diagrams for each well/boring tested shall be used as references during testing and data analysis
activities. Original data sheets shall be placed in the project file, along with the logbook/notebook.

' If an automated data recorder is used, the data may be displayed using the printer output from the unit. Such

printouts should be annoted to include the relevant data form, or attached to the form shown as Attachment A.
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ATTACHMENT A
EXAMPLE HYDRAULIC CONDUCTIVITY TESTING DATA SHEET

STATIC WATER LEVEL (Depth/Blevation): ..... ............cooociininiiinns e DATE: ... s
TEST TYPE (Rising/Fdiling/Constant Heod): ... CHECKED: .......cooiiiiiiiiieiiieiees
METHOD OF INDUCING WATER LEVEL CHANGE: . ... ... . PAGE ... OF ........
REFERENCE PT. FOR WL MEAS. (Top of Casing, Tranaducer, ®te.): ...
ELAPSED MEASURED DRAWDOWN ELAPSED MEASURED DRAWDOWN | wo. scuemaTic
TIME WATER LEVEL {OR HEAD (AH) TIME WATER LEVEL |[OR HEAD (AH)
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1.0 PURPOSE

This procedure provides general guidance and information pertaining to proper monitoring well design,
installation, and development.

2.0 SCOPE

This procedure is applicabie to the construction of permanent monitoring wells. The methods described
herein may be modified by project-specific requirements for monitoring well construction. in addition,
many regulatory agencies have specific reguiations pertaining to monitoring well construction and
permitting. These requirements must be determined during the project planning phases of the
investigation, and any required permits must be obtained before field work begins. Innovative monitoring
well installation techniques, which typically are not used, will be discussed only generally in this
procedure.

3.0 GLOSSARY

Monitoring Well - A well which is properly screened (if screening is necessary, e.g., open borehole),
cased, and sealed which is capable of providing a groundwater level and groundwater sample
representative of the zone being monitored.

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water fiow at the
bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers may
range in size from 1/2-inch-diameter plastic tubes to well points or monitoring wells.

Potentiometric Surface - The surface representative of the level to which water will rise in a well cased
to the screened aquifer.

Well Point (Drive Point) - A screened or perforated tube (Typically 1-1/4 or 2 inches in diameter) with a
solid, conical, hardened point at one end. which is attached to a riser pipe and driven into the ground
with a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater
injection and recovery, as piezometers (i.e., to measure water levels) or to provide groundwater samples
for water quality data.

4.0 RESPONSIBILITIES

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an
experienced and efficient labor force capable of performing all phases of proper monitoring well
installation and construction. The driller may also be responsible for obtaining, in advance, any required
permits for monitoring well installation and construction.

Rig Geologist - The rig geologist supervises and documents well installation and construction performed
by the driller, and insures that well construction is adequate to provide representative groundwater data
from the monitored interval. Geotechnical engineers, field technicians, or other suitable trained personnel
may also serve in this capacity.
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5.0 PROCEDURES
5.1 Equipment/Items Needed

Below is a list of items that may be needed when installing a monitoring well:
° Health and safety equipment as required by the Site Safety Officer.

. Well drilling and installation equipment with associated materials (typically supplied by the
driller).

° Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable
engineers rule, electronic calculator, clipboard, mirror and flashlight - for observing
downhole activities, paint and ink marker for marking monitoring wells, sample jars, well
installation forms, and a field notebook).

® Drive point installations tools (sledge hammer, drop hammer, or mechanical vibrator; tripod,
pipe wrenches, drive points, riser pipe, and end caps).

5.2 Well Design

The objectives for each monitoring well and its intended use must be clearly defined before the
monitoring system is designed. Within the monitoring system, different monitoring wells may serve
different purposes and, therefore, require different types of construction. During all phases of the well
design, attention must be given to clearly documenting the basis for design decisions, the details of well
construction, and the materials to be used. The objectives for installing the monitoring wells may
include:

. Determining groundwater flow directions and velocities.
. Sampling or monitoring for trace contaminants.
. Determining aquifer characteristics (e.g., hydraulic conductivity).

Siting of monitoring welis shall be performed after a preliminary estimation of the groundwater fiow
direction. In most cases, groundwater fiow and potential well locations can be determined through the
review of geologic data and the site terrain. In addition, data from production wells or other monitoring
wells in the area may be used to determine the groundwater fiow direction. If these methods cannot be
used, piezometers, which are relatively inexpensive to install, may have to be instalied in a preliminary
investigative phase to determine groundwater flow direction.

5.2.1 Well Depth, Diameter, and Monitored Interval

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of
each investigation. Specification of these items generally depends on the purpose of the monitoring
system and the characteristics of the hydrogeologic system being monitored. Wells of different depth,
diameter, and monitored interval can be employed in the same groundwater monitoring system. For
instance, varying the monitored interval in several wells, at the same location (cluster welis) can help to
determine the vertical gradient and the levels at which contaminants are present. Conversely, a fully
penetrating well is usually not used to quantify or vertically locate a contaminant plume, since
groundwater samples collected in wells that are screened over the full thickness of the water-bearing
zone will be representative of average conditions across the entire monitored interval. However, fully
penetrating wells can be used to establish the existence of contamination in the water-bearing zone. The
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well diameter desired depends upon the hydraulic characteristics of the water-bearing zone, sampling
requirements, drilling method and cost.

The decision concerning the monitored interval and well depth is based on the following (and possibly
other) information:

] The vertical location of the contaminant source in relation to the water-bearing zone.
° The depth, thickness and uniformity of the water-bearing zone.

® The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the
contaminant plume.

° Fluctuation in groundwater levels (due to pumping, tidal influences, or natural
recharge/discharge events).

° The presence and location of contaminants encountered during drilling.

. Whether the purpose of the installation is for determining existence or non-existence of
contamination or if a particular stratigraphic zone is being investigated.

] The analysis of borehole geophysical iogs.

In most situations where groundwater fiow lines are horizontal, depending on the purpose of the well and
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (1 to 2 feet) are
usually required where flow lines are not horizontal, (i.e., if the wells are to be used for accurate
measurement of the potentiometric head at a specific point).

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends
on the application. In determining well diameter, the following needs must be considered:

Adequate water volume for sampling.
Drilling methodology.

Type of sampling device to be used.
Costs.

Standard monitoring well diameters are 2, 4, 6. or 8 inches. However, drive points are typically 1-1/4 or
2 inches in diameter. For monitoring programs which require screened monitoring wells, either a 2-inch
or 4-inch-diameter well is preferred. Typically, well diameters greater than 4 inches are used in
monitoring programs in which open-hole monitoring wells are required. In the smaller diameter wells,
the volume of stagnant water in the well is minimized, and well construction costs are reduced, however,
the type of sampling devices that can be used are limited. In specifying well diameter, sampling
requirements must be considered (up to a total of 4 gallons of water may be required for a singie sample
to account for full organic and inorganic analyses, and split samples). The volume of water in the
monitoring well available for sampling is dependent on the well diameter as follows:
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Casing Inside Standing Water Depth to Total Depth of Standing
Diameter Obtain 1 Gallon Water Water for 4 Gallons
(Inch) (Feet) (Feet)
2 6.13 25
4 1.53 ' 6
- 6 0.68 3

However, if a specific well recharges quickly after purging, then well diameter may not be an important
factor regarding sample volume requirements.

Pumping tests for determining aquifer characteristics may require larger diameter wells; however, in
small-diameter wells in-situ permeability tests can be performed during drilling or after well installation
is completed.

5.2.2 Riser Pipe and Screen Materials

Well materials are specified by diameter, type of material. and thickness of pipe. Well screens require
an additional specification of siot size. Thickness of pipe is referred to as "schedule" for polyvinyl
chloride (PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness
is often referred to as "Strength” and Standard Strength is usually adequate for monitoring well purposes.
With larger diameter pipe, the wall thickness must be greater to maintain adequate strength. The
required thickness is also dependent on the method of installation; risers for drive points require greater
strength than wells installed inside drilled borings.

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface
materials the well penetrates, the type of contamination expected, and natural water quality and depth.
Cost and the level of accuracy required are also important. The materials generally available are Teflon,
stainless steel, PVC galvanized steel. and carbon steel. Each has advantages and limitations (see
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used
materials are PVC and stainless steel for wells in which screens are installed. Properties of these two
materials are compared in Attachment B. Stainless steel is preferred where trace metals or organic
sampling is required; however, costs are high. Teflon materials are extremely expensive, but are
relatively inert and provide the least opportunity for water contamination due to welt materials. PVC has
many advantages, including low cost, excelient availability, light weight, and ease of manipulation;
however, there are also some questions about organic chemical sorption and leaching that are currently
being researched (see Barcelona et al., 1983). Concern about the use of PVC can be minimized if PVC
wells are used strictly for geohydrologic measurements and not for chemical sampling. The crushing
strength of PVC may limit the depth of installation, but Schedule 80 materials normally used for welis
greater than 50 feet deep may overcome some of the problems associated with depth. However, the
smaller inside diameter of Schedule 80 pipe may be an important factor when considering the size of
bailers or pumps required for sampling or testing. Due to this problem, the minimum well pipe size
recommended for Schedule 80 wells is 4-inch 1.D.

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe, may
corrode and release metal ions or chemically react with organic constituents, but this is considered by
some to be less of a problem than the problem associated with PVC material. Galvanized steel is not
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recommended where samples may be coliected for metal analyses, as zinc and cadmium levels in
groundwater samples may become elevated from leaching of the zinc coating.

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Tefion, and
steel can all be obtained with threaded joints at slightly more costs. Welded-joint steel casing is also
acceptable. Glued PVC may release organic contaminants into the well, and therefore, should not be
used if the well is to be sampied for organic constituents.

When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a well
screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated materials,
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is generally
used when a screen is necessary and the screened interval is artificially packed with a fine sand. The
slot size controls the quantity of water entering the well and prevents entry of natural materials or sand
pack. The screen shall pass no more than 10 percent of the pack material, or in-situ aquifer material.
The rig geologist shall specify the combination of screen slot size and sand pack which will be
compatible with the water-bearing zone, to maximize groundwater inflow and minimize head losses and
movement of fines into the wells. For example, as a standard procedure, a Morie No. 1 or No. 10 to
No. 20 U.S. Standard Sieve size filter pack is typically appropriate for a 0.020-inch slot screen; however,
a No. 20 to No. 40 U.S. Standard Sieve size filter pack is typically appropriate for a 0.010-inch slot
screen.

5.2.3 Annular Materials

Materials placed in the annular space between the borehole and riser pipe and screen include a sand
pack when necessary, a bentonite seal. and cement-bentonite grout. The sand pack is usually a fine-
to medium-grained poorly graded. silica sand and should relate to the grain size of the aquifer sediments.
The quantity of sand placed in the annular space is dependent upon the length of the screened interval,
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equivalent) is then
placed to extent from the top of the bentonite pellets to the ground surface.

On occasion, and with the concurrence of the involved regulatory agencies, monitcring wells may be
packed naturally (i.e., no artificial sand pack installed), and the natural formation material is allowed to
collapse around the well screen after the well is installed. This method has been used where the
formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible
due to borehole collapse.

Bentonite expands by absorbing water and provides a seal between the screened interval and the
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of the
bentonite peliets extending to the surface. The grout effectively seals the well and eliminates the
possibility for surface infiltration reaching the screened interval. Grouting also replaces material removed
during drilling and prevents hole coliapse and subsidence around the well. A tremie pipe should be used
to introduce grout from the bottom of the hole upward, to prevent bridging, and to provide a better seal.
However, in shallow boreholes that don't collapse, it may be more practical to pour the grout from the
surface without a tremie pipe.

Grout is a general term which has several different connotations. For all practical purposes within the
monitoring well installation industry, grout refers to the solidified material which is installed and occupies
the annular space above the bentonite pellet seal. Grout, most of the time, is made up of two
assemblages of material, (e.g., cement-bentonite). A cement-bentonite grout normally is a mixture of
cement, bentonite, and water at a ratio of one 90-pound bag of Portland Type | cement, plus
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3 to 5 pounds of granular or flake-type bentonite, and 6 galions of water. A neat cement consists of one
ninety-pound bag of Portland Type | cement and 6 gallons of water.

In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation
depth. For these cases, the well shall be backfilled to the desired depth with bentonite peliets or
equivalent. A short (1- to 2-foot) section of capped riser pipe sump is sometimes installed immediately
below the screen, as a silt reservoir, when significant post-development silting is anticipated. This will
ensure that the entire screen surface remains unobstructed.

5.2.4 Protective Casing

When the well is completed and grolted to the surface, a protective steel casing is often placed over the
top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. A vent
hole shall be provided in the cap to allow venting of gases and maintain atmospheric pressure as water
levels rise or fall in the well. The protective casing has a larger diameter than the well and is set into the
wet cement grout over the well upon completion. in addition, one hole is drilled just above the cement
collar through the protective casing which acts as a weep hole for the fiow of water which may enter the
annulus during well development, purging, or sampling.

A protective casing which is level with the ground surface is used in roadway or parking lot applications
where the top of a monitoring well must be below the pavement. The top of the riser pipe is placed 4 to
5 inches below the pavement, and a locking protective casing is cemented in place to 3 inches below
the pavement. A large diameter protective sleeve is set into the wet cement around the well with the top
set level with the pavement. A manhole-type lid placed over the protective sieeve. The cement should
be slightly mounded to direct pooled water away from the well head.

5.3 Monitoring Well installation

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction
of various types of monitoring wells.

5.3.1 Monitoring Wells in Unconsolidated Sediments

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well
installation will partially be dictated by the stability of the formation in which the well is being placed. If
the borehole collapses immediately after the drilling tools are withdrawn, then a temporary casing must
be installed and well installation will proceed through the center of the temporary casing, and continue
as the temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the
augers will act to stabilize the borehole during well instaliation.

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be
measured with an engineer’s rule to ensure proper placement. When measuring sections, the threads
on one end of the pipe or screen must be excluded while measuring, since the pipe and screen sections
are screwed flush together.

After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed.
A weighted tape measure must be used during the installation procedure to carefully monitor instaliation
progress. The sand is poured into the annulus between the riser pipe and temporary casing, as the
casing is withdrawn. Sand should always be kept within the temporary casing during withdrawal in order
to ensure an adequate sand pack. However, if too much sand is within the temporary casing (greater
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than 1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe may
occur.

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then
the bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack. At least
1 to 3 feet of bentonite pellets should be installed above the sand pack.

The cement-bentonite grout is then mixed and either poured or tremied into the annulus as the temporary
casing or augers are withdrawn. Finally, the protective casing can be installed as detailed in
Section 5.2.4.

In stable formations where borehole collapse does not occur, the well can be installed as discussed
above, and the use of a temporary casing is not needed. However, centralizers may have to be installed,
one above and one below the screen, to assure enough annular space for sand pack placement.

5.3.2 Contfining Layer Monitoring Wells

When drilling and installing a well in a confined aquifer, proper well instailation techniques must be
applied to avoid cross contamination between the unconfined and confined aquifer. Under most
conditions, this can be accomplished by installing double-cased wells. This is accomplished by drilling
a large-diameter boring through the upper aquiter, 1 to 3 feet into the underlying confining layer, and
setting and pressure grouting or tremie grouting the outer casing into the confining layer. The grout
material must fill the space between the native material and the outer casing. A smaller diameter boring
is then continued through the confining layer for installation of the monitoring well as detailed for
overburden monitoring wells (with the exception of not using a temporary casing during installation).
Sufficient time (determined by the rig geologist), must be allowed for setting of the grout prior to drilling
through the confined layer.

5.3.3 Bedrock Monitoring Wells

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and
approximately 5 feet into the bedrock. A casing (typically steel) is installed and either pressure grouted
or tremie grouted in place. After the grout has cured, a smalier diameter boring is continued through
the bedrock to the desired depth. If the boring does not collapse. the well can be left open, and a
screen is not necessary. If the boring collapses, then a screen is required and can be installed as
detailed for overburden monitoring wells. However, if a screen is to be used, then the casing which is
installed through the overburden and into the bedrock does not require grouting and can be installed
temporary until final well installation is completed.

5.3.4 Drive Points

Drive points can be installed with either a sledge hammer, drop hammer, or a mechanical vibrator. The
screen is threaded and tightened onto the riser pipe with pipe wrenches. The drive point is simply
pounded into the subsurface to the desired depth. If a heavy drop hammer is used, then a tripod and

pulley setup is required to lift the hammer. Drive points typically cannot be driven to depths exceeding
10 feet.

5.3.5 innovative Monitoring Well installation Techniques

Certain innovative sampling devices have proven advantageous. These devices are essentially screened
samplers installed in a borehole with only one or two small-diameter tubes extending to the surface.
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Manufacturers of these types of samplers claim that four samplers can be installed in a 3-inch-diameter
borehole. This reduces drilling costs. decreases the volume of stagnant water, and provides a sampling
system that minimizes cross-contamination from sampling equipment. These samplers also perform well
when the water table is within 25 feet of the surface (the typical range of suction pumps). Two
manutacturers of these samplers are Timco Manufacturing Company, inc., of Prairie du Sac, Wisconsin,
and BARCAD Systems, Inc., of Concord, Massachusetts. Each manufacturer offers various construction
materials.

Two additional types of multilevel sampling systems have been developed. Both employ individual
screened openings through a small-diameter casing. One of these systems (marketed by Westbay
Instruments Ltd. of Vancouver, British Columbia, Canada) uses a screened port and a sampling probe
to obtain samples and head measurements or perform permeability tests. This system allows sampling
ports at intervals as close as 5 feet, if desired, in boreholes from 3 to 4.8 inches in diameter.

The second system, developed at the University of Waterloo at Waterloo, Ontario, Canada, requires field
assembly of the individual sampiing ports and tubes that actuate a simple piston pump and force the
samples to the surface. Where the depth to ground water is less than 25 feet, the piston pumps are not
required. The assembly is made of easily obtained materials; however, the cost of fabor to assemble
these monitoring systems may not be cost-effective.

54 Well Development Methods

The purpose of well development is to stabilize and increase the permeability of the gravel pack around
the well screen, and to restore the permeability of the formation which may have been reduced by drilling
operations. Wells are typically developed until all fine material and drilling water is removed from the
well. Sequential measurements of pH, conductivity and temperature taken during development may vyield
information (stabilized values) that sufficient development is reached. The selection of the well
development method shall be made by the rig geologist and is based on the drilling methods, well
construction and installation details, and the characteristics of the formation that the well is screened in.
The primary methods of well development are summarized below. A more detailed discussion may be
found in Driscoll (1986).

5.4.1 Overpumping and Backwashing

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or
bailing) and then reversing the fiow direction (backwashing) so that water is passing from the well into
the formation. This back and forth movement of water through the well screen and gravel pack serves
to remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging)
of sand grains. Backwashing can be accomplished by several methods, including pouring water into the
well and then bailing, starting and stopping a pump intermittently to change water levels, or forcing water
into the well under pressure through a water-tight fitting (‘rawhiding®). Care should be taken when
backwashing not to apply too much pressure, which could damage or destroy the well screen.

5.4.2 Surging with a Surge Plunger

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and
is used to agitate the water, causing it to move in and out of the screens. This movement of water pulls
fine materials into the well, where they may be removed by any of several methods, and prevents
bridging of sand particies in the gravel pack. There are two basic types of surge plungers; solid and
valved surge plungers. In formations with low yields, a valved surge plunger may be preferred, as solid
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plungers tend to force water out of the well at a greater rate than it will flow back in. Valved plungers
are designed to produce a greater inflow than outflow of water during surging.

5.4.3 Compressed Air

Compressed air can be used to develop a well by either of two methods: backwashing or surging.
Backwashing is done by forcing water out through the screens, using increasing air pressure inside a
sealed well, then releasing the pressurized air to allow the water to flow back into the well. Care should
be taken when using this method so that the water level does not drop below the top of the screen, thus
reducing well yield. Surging, or the "open well" method, consists of alternately releasing large volumes
of air suddenly into an open well below the water level to produce a strong surge by virtue of the
resistance of water head, friction, and inertia. Pumping of the weli is subsequently done using the air
lift method.

5.4.4 High Velocity Jetting

in the high velocity jetting method, water is forced at high velocities from a plunger-type device and
through the well screen to loosen fine particles from the sand pack and surrounding formation. The
jetting tool is slowly rotated and raised and lowered along the length of the well screen to develop the
entire screened area. Jetting using a hose lowered into the well may aiso be effective. The fines washed
into the screen during this process can then be bailed or pumped from the well.
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7.0 RECORDS

A critical part of monitoring well installation is recording of significant details and events in the site
logbook or field notebook. The geologist must record the exact depths of significant hydrogeological
features screen placement, gravel pack placement, and bentonite placement.

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed thus ensuring the uniform
recording of data for each installation and rapid identification of missing information. Well depth, length,
materials of construction, length and openings of screen, length and type of riser, and depth and type
of all backfill materials shall be recorded. Additional information shall include location, installation date,
problems encountered, water levels before and after well instaliation, cross-reference to the geologic
boring log, and methods used during the installation and development process. Documentation is very
important to prevent problems involving questionable sample validity. Somewhat different information
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will need to be recorded.depending on whether the well is completed in overburden, in a confined layer,

in bedrock with a cased well, or as an open hole in bedrock.

The quantities of sand, bentonite, and grout placed in the well are also important. The geologist shall
calculate the annular space volume and have a general idea of the quantity of material needed to fill the
annular space. Volumes of backfill significantly higher than the calculated volume may indicate a
problem such as a large cavity, while a smaller backfill volume may indicate a cave-in. Any problems
with rig operation or down-time shall be recorded and may affect the driller’s final fee.
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ATTACHMENT A
RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT)
Type of Casing Material

Potentially-Deteriorating PVC 1 Galvanized | Carbon| Lo-carbon | Stainless | Stainless Teflon*
Substance Steel Steel Steel Steel 304 | Steel 316
Buffered Weak Acid 100 56 51 59 97 100 100
Weak Acid 98 59 43 47 96 100 100
Mineral Acid/
High Solids Content 100 48 57 60 80 82 100
Aqueous/Organic 64 69 73 73 98 100 100
Mixtures
Percent Overall Rating 91 58 56 59 93 96 100
Preliminary Ranking of Rigid Materials:

1 Teflon® 5 Lo-Carbon Steel

2 Stainless Steel 316 6 Galvanized Steel

3. Stainless Steel 304 7 Carbon Steel

4 PVC 1
* Trademark of DuPont

RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT)

Potentially- Type of Casing Material
Deteriorating PVC PE PE T D ®,
Substance Fiexible PP Conv. | Linear PMM | Viton Silicone | Neoprene | Tefion
Buffered Weak Acid 97 97 100 97 90 92 87 85 100
Weak Acid 92 90 94 96 78 78 75 75 100
Mineral Acid/
High Solids Content 100 | 100 100 100 a5 100 78 82 100
Agueous/Organic
Mixtures 62 71 40 60 49 78 49 44 100
Percent Overall
Rating 88 90 84 88 78 87 72 72 100
Preliminary Ranking of Semi-Rigid or Elastomeric Materials:

1 Teflon® 5 PE Conventional

2 Polypropyiene (PP) 6 Plexiglas/Lucite (PMM)

3. PVC Flexible/PE Linear 7 Silicone/Neoprene

4 Viton®
* Trademark of DuPont
Source: Barcelona et al., 1983
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ATTACHMENT B

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION

field.

Characteristic Stainiess Steel PVC
Strength Use in deep wells to prevent Use when shear and compressive
compression and closing of strength are not critical.
screen/riser.
Weight Relatively heavier. Light-weight; floats in water.
Cost Relatively expensive. Relatively inexpensive.
Corrosivity Deteriorates more rapidly in corrosive | Non-corrosive - may deteriorate in
water. presence of ketones, aromatics, alkyl
sulfides, or some chlorinated
hydrocarbons.
Ease of Use Difficult to adjust size or length in the |Easy to handle and work with in the

field.

Preparation for
Use

Should be steam cieaned organics will
be subsequently sampled.

Never use glue fittings -- pipes should
be threaded or pressure fitted.
Should be steam cleaned when used
for monitoring wells.

Interaction with
Contaminants*

May sorb organic or inorganic
substances when oxidized.

May sorb or release organic
substances.

* See also Attachment A.
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1.0 PURPOSE

The purpose of this procedure is to provide general reference information regarding the sampling of
groundwater wells.

2.0 SCOPE

This procedure provides information on proper sampling equipment, onsite water quality testing, and
techniques for groundwater sampling. Review of the information contained herein will facilitate planning
of the field sampling effort by describing standard sampling techniques. The techniques described shall
be followed whenever applicable, noting that site-specific conditions or project-specific plans may require
madifications to methodology.

3.0 GLOSSARY

Conductance - The conductance of a conductor 1 centimeter long and 1 square centimeter in cross-
sectional area. For groundwater measurements, a volume of water contained in a 1 cm x 1 cm sample
container (the water acts as the conductor). Conductivity and specific conductance are used
synonymously.

Electrolytic Cell - An electrochemical cell in which electrical energy is supplied from an external source.
This cell functions in much the same way as a galvanic cell, only the current fiows in the opposite
direction due to the external source of applied voltage. Electrolytic cells are used in dissolved oxygen
measurement.

Galvanic Cell - A electrochemical cell in which chemical energy is spontaneously converted to electrical
energy. The electrical energy produced is supplied to an external circuit. Galvanic cells are used in
dissolved oxygen measurement.

Ohm - Standard unit of electrical resistance (R). Used in specific conductance measurement. A siemen
(or umho) is the standard unit of electrical conductance, the inverse of the ohm.

Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species
as determined by the electromotive force developed by a noble metal electrode, immersed in water, as
referenced against a standard hydrogen electrode.

bH - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is related
to the hydrogen ion concentration, and. in a relatively weak solution, the two are nearly equal. Thus, for
all practical purposes, pH is a measure of the hydrogen ion concentration.

pH Paper - Indicator paper that turns different colors depending on the pH of the solution to which it is
exposed. Comparison with color standards supplied by the manufacturer will then give an indication of
the solution’s pH.

Resistance - A measure of the solution’s ability to oppose the passage of electrical current. For metals
and solutions, resistance is defined by Ohm's Law, E = IR, where E is the potential difference, | is the
current, and R is the resistance. Used in measurement of specific conductance.
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4.0 RESPONSIBILITIES

Project Hydrogeologist - Responsible for selecting and detailing the specific groundwater sampling
techniques, onsite water quality testing (type, frequency, and location), and equipment to be used, and
providing detailed input in this regard to the project plan documents. The project hydrogeologist is also
responsible for properly briefing and overseeing the performance of the site sampling personnel.

Project Geologist - is primarily responsible for the proper acquisition of the groundwater sampies.
He/she is also responsible for the actual analyses of onsite water quality samples, as well as instrument
calibration, care, and maintenance. When appropriate, such responsibilities may be performed by other
qualified personnel (e.g., field technicians).

5.0 PROCEDURES
5.1 General

To be useful and accurate, a groundwater sample must be representative of the particular zone of the
water being sampled. The physical, chemical, and bacteriological integrity of the sample must be
maintained from the time of sampling to the time of analysis in order to keep any changes in water
quality parameters to a minimum.

Methods for withdrawing samples from completed wells include the use of pumps, compressed air,
bailers, and various types of samplers. The primary considerations in obtaining a representative sample
of the groundwater are to avoid collection ot stagnant (standing) water in the well and to avoid physical
or chemical alteration of the water due to sampling techniques. In a non-pumping well, there will be little
or no vertical mixing of water in the well pipe or casing, and stratification will occur. The well water in
the screened section will mix with the groundwater due to normal flow patterns, but the well water above
the screened section will remain isolated and become stagnant. To safeguard against coliecting non-
representative stagnant water in a sample, the following approach shall be followed prior to sample
acquisition:

1. All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to five
volumes is recommended prior to sampling. In a high-yielding groundwater formation and
where there is no stagnant water in the well above the screened section, extensive evacuation
prior to sample withdrawal is not as critical.

2. For wells that can be purged dry, the well shall be evacuated and allowed to recover prior
to sample acquisition. if the recovery rate is fairly rapid, evacuation of more than one volume
of water is required.

3.  For high-yielding monitoring wells which cannot be evacuated to -dryness, there is no
absolute safeguard against contaminating the sample with stagnant water. One of the
following technigues shall be used to minimize this possibility:

° A submersible pump or the intake line of a surface pump or bailer shall be piaced just
below the water surface when removing the stagnant water and lowered as the water
level drops. Three to five volumes of water shall be removed to provide reasonable
assurance that ali stagnant water has been evacuated. Once this is accomplished, a
bailer or other approved device may be used to collect the sample for analysis.

019611/P Brown & Root Environmental
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®  The intake line of the sampling pump (or the submersible pump itself) shall be placed
near the bottom of the screened section, and approximately one casing volume of
water shall be pumped from the well at a low purge rate, equal to the well’s recovery
rate (low flow sampling).

Stratification of contaminants may exist in the aquifer. Concentration gradients as a resuit of mixing and
dispersion processes, layers of variable permeability, and the presence of separate-phase product (i.e,
floating hydrocarbons) may cause stratification. Excessive pumping or improper sampling methods can
dilute or increase the contaminant concentrations in the recovered sample compared to what is
representative of the integrated water column as it naturally occurs at that point, thus the result is the
collection of a non-representative sample.

5.2 Sampling, Monitoring, and Evacuation Equipment

Sample containers shall conform with the guidelines expressed in SOP SA-6.1.

The following equipment shall be on hand when sampling ground water wells (reference SOPs SA-6.1
and SA-7.1):

. Sample packaqing and shipping equipment - Coolers for sample shipping and cooling,
chemical preservatives, appropriate sampling containers and filler, ice, labels and chain-of-
custody documents.

° Field tools and instrumentation - Thermometer, pH paper/meter, camera and fim (if
appropriate), appropriate keys (for locked wells), engineer's rule, water level indicator, specific
conductivity meter, and turbidity meter (as applicable).

° Pumps

- Shallow-well pumps: Centrifugal, pitcher, suction, or peristaltic pumps with dropiines,
air-lift apparatus (compressor and tubing) where applicable.

- Deep-well pumps: Submersible pump and electrical power-generating unit, or air-ift
apparatus where applicable.

. Other sampling equipment - Bailers and inert line with tripod-pulley assembly (if necessary).
Bailers or submersible centrifugal pumps shall be used to obtain samples for volatile organics
from shallow and deep groundwater welis.

. Pails - Plastic, graduated.

[ ] Decontamination solutions - Deionized water, laboratory detergents, 10% nitric acid solution
(as required), and analytical-grade solvents (e.g., methanol, acetone, hexane), as required.

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of
delivering variable rates for well flushing and sample collection.
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5.3 Calculations of Well Volume

To insure that the proper volume of water has been removed from the well prior to sampling it is first
necessary to know the volume of standing water in the well pipe. This volume can be easily calculated
by the following method. Calculations shall be entered in the site logbook or field notebook or on a
sample log sheet form (see SOP SA-6.3):

° Obtain all available information on well construction (location, casing, screens, etc.).

. Determine well or casing diameter.

° Measure and record static water level (depth below ground level or top of casing reference
point).

. Determine depth of well by sounding using a clean, decontaminated, weighted tape measure.

° Calculate number of linear feet of static water (total depth or length of well pipe minus the
depth to static water level).

e  Calculate one static well volume in gallons V= (0.163XT)r?
where: \) = Static volume of well in gallons.
T = Thickness of water table in the well measured in feet (i.e., linear
feet of static water).
T = Inside radius of well casing in inches.
0.163 = A constant conversion factor which compensates for the

conversion of the casing radius from inches to feet, the
conversion of cubic feet to gallons, and pi.

® Per evacuation volumes discussed above. determine the minimum amount to be evacuated
before sampling.

5.4 Evacuation of Static Water (Purging)

5.4.1 General

The amount of purging a well shall receive prior to sample coliection will depend on the intent of the
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water
resources may require long pumping periods to obtain a sample that is representative of a large volume
of that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a
composite of a known volume of the aquifer. Alternately the well can be pumped until the parameters
such as temperature, electrical conductance, pH. and turbidity (as applicable), have stabilized. Onsite
measurements of these parameters shall be recorded in the site logbook, field notebook, or on
standardized data sheets.
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5.4.2 Evacuation Devices

The following discussion is limited to those devices commonly used at hazardous waste sites.
Attachment A provides guidance on the proper evacuation device to use for given sampling situations.
Note that all of these techniques involve equipment which is portable and readily available.

Bailers

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of
a length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a ball
check-valve at the bottom. An inert line is used to lower the bailer and retrieve the sample.

Advantages of bailers include:

° Few limitations on size and materials used for bailers.

° No external power source needed.

o Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of
cross-contamination.

) There is minimal outgassing of volatile organics while the sample is in the bailer.

° Bailers are relatively easy to decontaminate.

Limitations on the use of bailers include the following:

] It is time consuming to remove stagnant water using a bailer.

° Transfer of sample may cause aeration.

° Use of bailers is physically demanding, especially in warm temperatures at protection levels
above Level D.

Suction Pumps

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, peristaitic,
and pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping
rate and for sampling at a low pumping rate. The peristaltic pump is a low volume pump that uses
rollers to squeeze a fiexible tubing, thereby creating suction. This tubing can be dedicated to a well to
prevent cross contamination. The pitcher pump is a common farm hand-pump.

These pumps are all portable, inexpensive and readily available. However, because they are based on
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved
gases and volatile organics. ‘

Air-Lift Samplers

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force
the water up a sampling tube. These pumps are also relatively inexpensive. Air (or gas)-lift samplers
are more suitable for well development than for sampling because the samples may be aerated, leading
to pH changes and subsequent trace metal precipitation, or loss of volatile organics.
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Submersible Pumps

Submersible pumps take in water and push the sample up a sample tube to the surface. The power
sources for these samplers may be compressed gas or electricity. The operation principles vary and the
displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller.
Pumps are available for 2-inch-diameter wells and larger. These pumps can lift water from considerable
depths (several hundred feet).

Limitations of this ciass of pumps include:

They may have low delivery rates.

Many models of these pumps are expensive.

Compressed gas or electric power is needed.

Sediment in water may cause clogging of the valves or eroding the impellers with some of
these pumps.

Decontamination of internal components can be difficult and time-consuming.

5.5 Onsite Water Quality Testing

This section describes the procedures and equipment required to measure the following parameters of
an agueous sample in the field:

pH

Specific Conductance

Temperature

Dissolved Oxygen (DO) Concentration

Oxidation Reduction Potential

Certain Dissolved Constituents Using Specific lon Elements
Turbidity

This section is applicable for use in an onsite groundwater quality monitoring program to be conducted
at a hazardous or nonhazardous site. The procedures and equipment described are applicable to
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, and
colioidal material or suspended matter.

This section provides general information for measuring the parameters listed above with instruments and
technigues in common use. Since instruments from different manufacturers may vary, review of the
manufacturer's literature pertaining to the use of a specific instrument is required before use.

5.5.1 Measurement of pH

55.1.1  General

Measurement of pH is one of the most important and frequently used tests in water chemistry.
Practically every phase of water supply and wastewater treatment such as acid-base neutralization, water
softening, and corrosion control is pH dependent. Likewise, the pH of leachate can be correlated with
other chemical analyses to determine the probable source of contamination. It is therefore important that
reasonably accurate pH measurements be taken.
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Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator paper
is used when only a rough estimate of the pH is required, and the pH meter when a more accurate
measurement is needed. The response of a pH meter can be affected to a slight degree by high fevels
of colloidal or suspended solids, but the effect is usually small and generally of little significance.
Consequently, specific methods to overcome this interference are not described. The response of pH
paper is unaffected by solution interferences from color, turbidity, colloidal or suspended materials uniess
extremely high levels capable of coating or masking the paper are encountered. In such cases, use of
a pH meter is recommended.

55.1.2 Principles of Equipment Operation

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or basicity
of the solution created by the addition of the water sample reacting with the indicator compound on the
paper. Various types of pH papers are available, including litmus (for general acidity or basicity
determination) and specific pH range hydrion paper.

Use of a pH meter relies on the same principie as other ion-specific electrodes. Measurement relies on
establishment of a potential difference across a glass or other type of membrane in response to (in this
instance. hydrogen) ion concentration across that membrane. The membrane is conductive to ionic

. species and, in combination with a standard or reference electrode. a potential difference proportional
to the ion concentration is generated and measured.

5.5.1.3 Equipment
The following equipment is needed for taking pH measurements:

o Stand-alone 150 portable pH meter, or combination meter (e.g., Horiba U-10), or combination
meter equipped with an in-line sample chamber.

. Combination electrode with polymer body to fit the above meter (alternately a pH electrode
and a reference electrode can be used if the pH meter is equipped with suitable electrode
inputs).

° Buffer solutions, as specified by the manufacturer.
° pH indicator paper, to cover the pH range 2 through 12.
° Manufacturer’s operation manual.

55.1.4 Measurement Techniques for Field Determination of pH

pH Meter

The following procedure is used for measuring pH with a pH meter (meter standardization is according
to manufacturer's instructions):

[ ] Inspect the instrument and batteries prior to initiation of the field effort.

) Check the integrity of the buffer solutions used for field calibration. Buffer soiutions need to
be changed often as a result of degradation upon exposure to the atmosphere.
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° Immerse the tip of the electrodes in water overnight. If this is not possible due to field
conditions, immerse the electrode tip in water for at least an hour before use. The electrode
tip may be immersed in a rubber or plastic sack containing buffer solution for field transport
or storage. This is not applicable for all electrodes as some must be stored dry.

° If applicable, make sure all electrolyte solutions within the electrode(s) are at their proper
levels and that no air bubbles are present within the electrode(s).

e Calibrate on a daily use basis following manufacturer's instructions. Record calibration data
on an equipment calibration log sheet.

. Immerse the electrode(s) in the unknown solution, slowly stirring the probe until the pH
stabilizes. Stabilization may take several seconds to minutes. If the pH continues to drift,
the sample temperature may not be stable, a physical reaction (e.g., degassing) may be
taking place in the sample, or the meter or electrode may be malfunctioning. This must be
clearly noted in the logbook.

° Read and record the pH of the solution. pH shall be recorded to the nearest 0.1 pH unit.
Also record the sample temperature.

. Rinse the electrode(s) with deionized water.
) Store the electrode(s) in an appropriate manner when not in use.

Any visual observation of conditions which may intérfere with pH measurement, such as oily materials,
or turbidity, shall be noted.

pH Paper

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is
available in several ranges, including wide-range (indicating approximately pH 1 to 12), mid-range
(approximately pH 0 to 6. 6 to 9, 8 to 14) and narrow-range (many available, with ranges as narrow as
1.5 pH units). The appropriate range of pH paper shall be selected. If the pH is unknown the
investigation shall start with wide-range paper and proceed with successively narrower range paper until
the sample pH is adequately determined.

5.5.2 Measurement of Specific Conductance

5.5.2.1 General

Conductance provides a measure of dissolved ionic species in water and can be used to identify the
direction and extent of migration of contaminants in groundwater or surface water. It can also be used
as a measure of subsurface biodegradation or to indicate alternate sources of groundwater
contamination.

Conductivity is a numerical expression of the ability of a water sample to carry an electric current. This
value depends on the total concentration of the ionized substances dissolved in the water and the
temperature at which the measurement is made. The mobility of each of the various dissolved ions, their
valences, and their actual and relative concentrations affect conductivity.
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It is important to obtain a specific conductance measurement soon after taking a sample, since
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the
specific conductance.

55.2.2 Principles of Equipment Operation

An agueous system containing ions will conduct an electric current. In a direct-current field, the positive
ions migrate toward the negative electrode, while the negatively charged ions migrate toward the positive
electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium carbonate, or
sodium chloride, respectively) are relatively good conductors. Conversely, organic compounds such as
sucrose or benzene, which do not disassociate in aqueous solution, conduct a current very poorly, if at
all.

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used
for measurement of electrical resistance. The ratio of current applied to voitage across the cell may also
be used as a measure of conductance. The core element of the apparatus is the conductivity cell
containing the solution of interest. Depending on ionic strength of the agueous solution to be tested,
a potential difference is developed across the cell which can be converted directly or indirectly
(depending on instrument type) to a measurement of specific conductance.

5523  Equipment
The following equipment is needed for taking specific conductance (SC) measurements:

] Stand alone portable conductivity meter, or combination meter (e.g., Horiba U-10), or
combination meter equipped with an in-line sample chamber.

° Calibration solution, as specified by the manufacturer.

° Manufacturer’s operation manual.

A variety of conductivity meters are available which may also be used to monitor salinity and
temperatures. Probe types and cable lengths vary, so equipment must be obtained to meet the specific
requirement of the sampling program.

5524 Measurement Techniques for Specific Conductance

The steps involved in taking specific conductance measurements are listed below (standardization is
according to manufacturer's instructions):

. Check batteries and calibrate instrument before going into the field.

° Calibrate on a daily use basis, according to the manufacturer’s instructions and record all
pertinent information on an equipment calibration log sheet. Potassium chioride solutions
with a SC closest to the values expected in the field shall be used for calibration. Attachment
B provides guidance in this regard.

° Rinse the cell with one or more portions of the sample to be tested or with deionized water.
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o Immerse the electrode in the sample and measure the conductivity. Adjust the temperature
setting to the sample temperature (if applicable).

° Read and record the results in a field logbook or sampie log sheet.
] Rinse the electrode with deionized water.

If the specific conductance measurements become erratic, recalibrate the instrument and see the
manufacturer's instructions for details.

5.5.3 Measurement of Temperature

5.5.3.1 General

In combination with other parameters, temperature can be a useful indicator of the likelihood of bioclogical
action in a water sample. It can also be used to trace the flow direction of contaminated groundwater.

Temperature measurements shall be taken in-situ, or as quickly as possible in the field. Coliected water
sampies may rapidly equilibrate with the temperature of their surroundings.

5532  Equipment

Temperature measurements may be taken with alcohol-toluene, mercury filied or dial-type thermometers.
In addition, various meters such as specific conductance or dissolved oxygen meters, which have
temperature measurement capabilities. may also be used. Using such instrumentation along with suitable
probes and cables, in-situ measurements of temperature at great depths can be performed.

5.5.3.3 Measurement Technigues for Water Temperature

If a thermometer is used to determine the temperature for a water sample:

° Immerse the thermometer in the sample until temperature equilibrium is obtained (1-
3 minutes). To avoid the possibility of cross-contamination, the thermometer shall not be
inserted into samples which will undergo subsequent chemical analysis.

° Record values in a field logbook or sample log sheet.

If a temperature meter or probe is used, the instrument shall be calibrated according to manufacturer's
recommendations.

5.5.4 Measurement of Dissolved Oxygen Concentration

5541 General

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as
the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for
dissolved oxygen is a key test in water pollution and waste treatment process control. If at all possible,
DO measurements shall be taken in-situ, since concentration may show a large change in a short time
if the sample is not adequately preserved.
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The monitoring method discussed herein is limited to the use of dissolved oxygen meters only. Chemical
methods of analysis (i.e., Winkler methods) are available, but require more equipment and greater sample
manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for highly poliuted
waters, because the probe is completely submersible, and is not susceptible to interference caused by
color, turbidity, colloidal material or suspended matter.

5542 Principles of Equipment Operation

Dissolved oxygen probes are normally electrochemical cells that have two solid metal electrodes of
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeabie
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a suitable
potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at the
cathode surface. An electrical current is developed that is directly proportional to the rate of arrival of
oxygen molecules at the cathode.

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the
cathode, it is important that a fresh supply of sample always be in contact with the membrane.
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low
readings are obtained. It is therefore necessary to stir the sample (or the probe) constantly to maintain
fresh solution near the membrane interface. Stirring, however, shall not be so vigorous that additional
oxygen is introduced through the air-water interface at the sample surface. To avoid this possibility,
some probes are equipped with stirrers to agitate the solution near the probe, while leaving the surface
of the solution undisturbed.

Dissolved oxygen probes are relatively unaffected by interferences. Interferences that can occur are
reactions with oxidizing gases (such as chlorine) or with gases such as hydrogen sulfide, which are not
easily depolarized from the indicating electrode. If a gaseous interference is suspected, it shall be noted
in the field log book and checked if possible. Temperature variations can also cause interference
because probes exhibit temperature sensitivity. Automatic temperature compensation is normally
provided by the manufacturer.

55.4.3 Equipment
The following equipment is needed to measure dissolved oxygen concentration:
] Stand alone portable dissolved oxygen meter. or combination meter (e.g., Horiba U-10), or
combination meter equipped with an in-line sample chamber.
e - Sufficient cable to aliow the probe to contact the sample.

o Manufacturer's operation manual.

55.4.4 Measurement Techniques for Dissolved Oxygen Determination

Probes differ as to specifics of use. Follow the manufacturer's instructions to obtain an accurate reading.
The following general steps shall be used to measure the dissolved oxygen concentration:

° The equipment shall be calibrated and have its batteries checked in the warehouse before
going to the field.

019611/P ’ Brown & Root Environmental
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e The probe shall be conditioned in a water sample for as long a period as practical before use
in the field. Long periods of dry storage followed by short periods of use in the field may
result in inaccurate readings.

° The instrument shall be calibrated in the field according to manufacturer’'s recommendations
or in a freshly air-saturated water sample of known temperature. Dissolved oxygen values
for air-saturated water can be determined by consulting a table listing oxygen solubilities as
a function of temperature and salinity (see Attachment C).

e  Record all pertinent information on an equipment calibration sheet.

. Rinse the probe with deionized water.

. immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane
by stirring the sample. Probes without stirrers placed in wells can be moved up and down.

e Record the dissolved oxygen content and temperature of the sample in a field logbook or
sample log sheet.

. Rinse the probe with deionized water.

' Recalibrate the probe when the membrane is replaced, or as needed. Follow the
manufacturer’'s instructions.

Note that in-situ placement of the probe is preferable, since sample handling is not involved. This
however, may not always be practical. Be sure to record whether the liquid was analyzed in-situ, or if
a sample was taken.

Special care shall be taken during sample coliection to avoid turbulence which can lead to increased
oxygen solubilization and positive test interferences.

5§55 Measurement of Oxidation-Reduction Potential

55.5.1 General

The oxidation-reduction potential (ORP) provides a measure of the tendency of organic or inorganic
compounds to exist in an oxidized state. The ORP parameter therefore provides evidence of the
likelihood of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to
reduced species in the sample.

5.55.2 Principles of Equipment Operation

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed at
that electrode depending on the ions present in the solution. If a reference electrode is placed in the
same solution, an ORP electrode pair is established. This electrode pair allows the potential difference
between the two electrodes to be measured and is dependent on the concentration of the ions in
solution. By this measurement, the ability to oxidize or reduce species in solution may be determined.
Supplemental measurements, such as dissolved oxygen, may be correlated with ORP to provide a
knowiedge of the quality of the solution, water, or wastewater.
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5553  Equipment
The following equipment is needed for measuring the oxidation-reduction potential of a solution:

Portable pH meter or equivalent, with a millivolt scale.

Platinum electrode to fit above pH meter.

Reference electrode such as a calomel, silver-silver chloride, or equivalent.
Reference solution as specified by the manufacturer.

Manufacturer’s operation manual.

5554 Measurement Techniques for Oxidation-Reduction Potential

The following procedure is used for measuring oxidation-reduction potential:
e  The equipment shall be calibrated and have its batteries checked before going to the field.

° Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. |f
dirty, polish with emery paper or, if necessary, clean the electrode using aqua regia, nitric
acid, or chromic acid, in accordance with manufacturer's instructions.

e  Thoroughly rinse the electrode with deionized water.

° Verify the sensitivity of the electrodes by noting the change in millivolt reading when the pH
of the test solution is altered. The ORP will increase when the pH of the test solution
decreases and the ORP will decrease if the test solution pH is increased. Place the sample
in a clean container and agitate the sample. Insert the electrodes and note the ORP drops
sharply when the caustic is added (i.e., pH is raised) thus indicating the electrodes are
sensitive and operating properiy. If the ORP increases sharply when the caustic is added,
the polarity is reversed and must be corrected in accordance with the manufacturer’s
instructions. If the ORP does not respond as above when the caustic is added, the
electrodes shall be cleaned and the above procedure repeated.

° After the assembly has been checked for sensitivity, wash the electrodes with three changes
of water or by means of a fiowing stream of deionized water from a wash bottle. Place the
sample in a clean container and insert the electrodes. Set temperature compensator
throughout the measurement period. Read the millivolt potential of the solution, allowing
sufficient time for the system to stabilize and reach temperature equilibrium. Measure
successive portions of the sample until readings on two successive portions differ by no more
than 10 mV. A system that is very slow to stabilize properly will not yield a meaningful ORP.
Record all resuits in a field logbook or sample logsheet, including ORP (to nearest 10 mV),
sample temperature and pH at the time of measurement.

5.5.6 Measurement of Turbidity

5.5.6.1 General
Turbidity in water is caused by suspended matter, such as clay, silt, finely divided organic and inorganic
matter, soluble colored organic compounds, and microscopic organisms, including plankton. Turbidity

is an expression of the optical property that causes light to be scattered and absorbed rather than
transmitted in a straight line through the sample.
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It is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes
in turbidity may occur if the sample is stored too long.

556.2 Principles of Equipment Operation

Turbidity is measured by the Nephelometric Method. This method is based on a comparison of the
intensity of light scattered by the sample under defined conditions with the intensity of light scattered by
a standard reference suspension under the same conditions. The higher the scattered light intensity, the
higher the turbidity.

Formazin polymer is used as the reference turbidity standard suspension because of its ease of
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid
natural water. The turbidity of a specified concentration of formazin suspension is defined as 40
nephelometric units. This same suspension has an approximate turbidity of 40 Jackson units when
measured on the candie turbidmeter. Therefore, nephelometric turbidity units (NTU) based on the

formazin preparation will approximate units derived from the candle turbidimeter but will not be identical
to them.

5563  Equipment
The following equipment is needed for turbidity measurement:

° Stand alone portable turbidity meter, or combination meter (e.g., Horiba U-10), or
combination meter equipped with an in-line sample chamber.

] Calibration solution, as specified by the manufacturer.
° Manufacturer’'s operation manual.

556.4 Measurements Techniques for Specific Conductance

The steps involved in taking turbidity measurements are listed below (standardization is according to
manufacturer’s instructions):

° Check batteries and calibrate instrument before going into the field.
. Check the expiration date (etc.) of the solutions used for field calibration.

° Calibrate on a daily use basis, according to the manutacturer's instructions and record all
pertinent information on an equipment calibration log sheet.

° Rinse the cell with one or more portions of the sample to be tested or with deionized water.
° Immerse the probe in the sample and measure the turbidity. The reading must be taken

immediately as suspended solids will settle over time resulting in a lower, inaccurate turbidity
reading.
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° Read and record the results in a field logbook or sample log sheet. Include a physical
description of the sample, including color, qualitative estimate of turbidity, etc.

°® Rinse the eiectrode with deionized water.

5.6 Sampling
5.6.1 Sampling Plan

The sampling approach consisting of the following, shall be developed as part of the project plan
documents which are approved prior to beginning work in the field:

. Background and objectives of sampling.
° Brief description of area and waste characterization.

. identification of sampling locations, with map or sketch, and applicable well construction data
(well size, depth, screened interval, reference elevation).

. intended number, sequence volumes, and types of samples. If the relative degrees of
contamination between wells is unknown or insignificant, a sampling sequence which
facilitates sampling logistics may be followed. Where some wells are known or strongly
suspected of being highly contaminated, these shall be sampled iast to reduce the risk of
cross-contamination between wells as a result of the sampling procedures.

° Sample preservation requirements.

° Work schedule.

° List of team members.

e List of observers and contacts.

. Other information, such as the necessity for a warrant or permission of entry, requirement for
split samples, access problems, location of keys, etc.

5.6.2 Sampling Methods
The collection of a groundwater sample consists of the following steps:
1. The site Health & Safety Officer (or designee) will first open the well cap and use volatile

organic detection equipment (PID or FID) on the escaping gases at the well head to
determine the need for respiratory protection.

2. When proper respiratory protection has been donned, sound the well for total depth and
water level (using clean equipment) and record these data on a groundwarer sampling log
sheet (see SOP SA-6.3); then calculate the fluid volume in the well pipe (as previously
described in this SOP).

3. Calculate well volume to be removed as stated in Section 5.3.
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4.  Select the appropriate purging equipment (see Attachment A). If an electric submersibie
pump with packer is chosen, go to Step 10.

5. Lower the purging equipment or intake into the well to a short distance below the water level
and begin water removal. Collect the purged water and dispose of it in an acceptable
manner (as applicable). Lower the purging device, as required, to maintain submergence.

6. Measure the rate of discharge frequently. A graduated bucket and stopwatch are most
commonly used; other techniques include use of pipe trajectory methods, weir boxes or flow
meters.

7.  Observe the peristaltic pump intake for degassing "bubbles." If bubbles are abundant and
the intake is fully submerged, this pump is not suitable for collecting samples for volatile
organics. Never collect volatile organics samples using a vacuum pump.

8.  Purge a minimum of three to five casing volumes before sampling. In low-permeability strata
(i.e.. if the well is pumped to dryness), one volume will suffice. Purged water shall be
collected in a designated container and disposed in an acceptable manner.

9. If sampling using a pump, lower the pump intake to midscreen (or the middie of the open
section in uncased wells) and collect the sample. If sampling with a bailer, lower the bailer
to the sampling level before filling.

10. (For pump and packer assembly only). Lower the assembly into the well so that the packer
is positioned just above the screen or open section. Inflate the packer. Purge a volume
equal to at least twice the screened interval (or unscreened open section volume below the
packer) before sampling. Packers shall always be tested in a casing section above ground
to determine proper infiation pressures for good sealing.

11. In the event that recovery time of the well is very slow (e.g., 24 hours or greater), sample
collection can be delayed until the following day. If the well has been purged early in the
morning, sufficient water may be standing in the well by the day’s end to permit sample
collection. If the well is incapable of producing a sufficient volume of sample at any time,
take the largest quantity available and record this occurrence in the site logbook.

12. Fill sample containers (preserve and label as described in SOP SA-6.1).

13. Replace the well cap and lock as appropriate. Make sure the well is readily identifiable as
the source of the samples.

14. Process sample containers as described in SOP SA-6.1.
15. Decontaminate equipment as described in SOP SA-7.1.

5.7 Low Flow Purging and Sampling

5.7.1 Scope & Application

Low fiow purging and sampling techniques are sometimes required for groundwater sampling activities.
The purpose of low flow purging and sampling is to collect groundwater samples that contain
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‘representative” amounts of mobile organic and inorganic constituents in the vicinity of the selected open
well interval, at near natural fiow conditions. The minimum stress procedure emphasizes negligible water
level drawdown and low pumping rates in order to collect samples with minimal alterations in water
chemistry. This procedure is designed primarily to be used in wells with a casing diameter of 2 inches
or more and a saturated screen, or open interval, length of ten feet or less. Sampies obtained are
suitable for analyses of common types of groundwater contaminants (volatile and semi-volatile organic
compounds, pesticides, PCBs, metals and other inorganic ions [cyanide, chioride, sulfate, etc.]). This
procedure is not designed to collect non-aqueous phase liquids samples from weils containing light or
dense non-aqueous phase liquids (LNAPLs or DNAPLs), using the low flow pumps.

The procedure is fiexible for various well construction types and groundwater yields. The goal of the
procedure is to obtain a turbidity level of less than 5 NTU and to achieve a water level drawdown of less
than 0.3 feet during purging and sampling. If these goals cannot be achieved, sample collection can take
place provided the remaining criteria in this procedure are met.

5.7.2 Equipment

The following equipment is required (as applicable) for low flow purging and sampling:

° Adjustable rate, submersible pump (e.g., centrifugal or bladder pump constructed of stainless steel
or Teflon). Peristaltic pumps may be used only for inorganic sample collection.

. Disposable clear plastic bottom filling bailers may be used to check for and obtain samples of
LNAPLs or DNAPLs.

e  Tubing - Teflon, Teflon lined polyethylene. polyethylene, PVC, tygon steel tubing can be used to
collect samples for analysis, depending on the analyses to be performed and regulatory
requirements.

° Water level measuring device, 0.01 foot accuracy, (electronic devices are preferred for tracking
water level drawdown during ali pumping operations).

. Fiow measurement supplies.

. Interface probe, if needed.

] Power source (generator, nitrogen tank, etc.). If a gasoline generator is used, it must be located
downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the
samples.

] Indicator parameter monitoring instruments - pH, turbidity, specific conductance, and temperature.
Use of a flow-through celi is recommended. Optional Indicators - eH and dissolved oxygen, flow-
through cell is required. Standards to perform field calibration of instruments.

. Decontamination supplies.

®  Logbook(s), and other forms (e.g., well purging forms).

e  Sample Bottles.
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® Sample preservation supplies (as required by the analytical methods).

] Sample tags or labels.

° Well construction data, location map, field data from last sampling event.
'y Field Sampling Plan.

° PID or FID instrument for measuring VOCs (volatile organic compounds).
5.7.3 Purging and Sampling Procedure

Use a submersible pump to purge and sample monitoring wells which have a 2.0 inch or greater well
casing diameter.

Measure and record the water level immediately prior to placing the pump in the well.

Lower pump, safety cable, tubing and electrical lines slowly into the well so that the pump intake is
located at the center of the saturated screen iength of the well. If possible keep the pump intake at least
two feet above the bottom of the well, to minimize mobilization of sediment that may be present in the
bottom of the well. Collection of turbid free water samples may be difficult if there is three feet or less
of standing water in the well. ‘

When starting the pump, slowly increase the pump speed until a discharge occurs. Check water level.
Adjust pump speed to maintain little or no water level drawdown. The target drawdown should be less
than 0.3 feet and it should stabilize. If the target of less than 0.3 feet cannot be achieved or maintained,
the sampling is acceptable if remaining criteria in the procedure are met. Subseguent sampling rounds
wili probably have intake settings and extraction rates that are comparable to those used in the initial
sampiing rounds.

Monitor water level and pumping rate every three to five minutes (or as appropriate) during purging.
Record pumping rate adjustments and depths to water. Pumping rates should, as needed, be reduced
to the minimum capabilities of the pump (e.g.. 0.1-0.2 I/min) to ensure stabilization of indicator
parameters. Adjustments are best made in the first fifteen minutes of pumping in order to help minimize
purging time. During initial pump start-up, drawdown may exceed the 0.3 feet target and then recover
as pump flow adjustments are made (minimum purge volume calculations should utilize stabilized
drawdown values, not the initial drawdown). If the recharge rate of the well is less than minimum
capability of the pump do not allow the water level to fall to the intake level (if the static water level is
above the screen, avoid lowering the water level into the screen). Shut off the pump if either of the
above is about to occur and allow the water level to recover. Repeat the process until field indicator
parameters stabilize and the minimum purge volume is removed. The minimum purge volume with
negligible drawdown (0.3 feet or less) is two saturated screen length volumes. In situations where the
drawdown is greater than 0.3 feet and has stabilized, the minimum purge volume is two times the
saturated screen volume plus the stabilized drawdown volume. After the minimum purge volume is
attained (and field parameters have stabilized) begin sampling. For low yields wells, commence sampling
as soon as the well has recovered sufficiently to collect the appropriate volume for all anticipated
samples.

During well purging, monitor field indicator parameters (turbidity, temperature, specific conductance, pH,
etc.) every three to five minutes (or as appropriate). Purging is complete and sampling may begin when
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all field indicator parameters have stabilized (variations in values are within ten percent of each other, pH
+/- 0.2 units, for three consecutive readings taken at three to five minute intervals). if the parameters
have stabilized, but turbidity remains above 5 NTU goal, decrease pump flow rate, and continue
measurement of parameters every three to five minutes. If pumping rate cannot be decreased any
further and stabilized turbidity values remain above 5 NTU goal record this information. Measurements
of field parameters should be obtained (as per Section 5.5) and recorded.

VOC samples are preferably collected first and directly into pre-preserved sample containers. Fill all
sample containers by allowing the pump discharge to flow gently down the inside of the container with
minimal turbulence. '

If the water column in the pump tubing collapses (water does not completely fill the tubing) before exiting
the tubing, use one of the following procedures to collect VOC samples: (1) Collect the non-VOCs
samples first, then increase the flow rate incrementally until the water column completely fills the tubing,
collect the sample and record the new flow rate; (2) reduce the diameter of the existing tubing until the
water column fills the tubing either by adding a connector (Teflon or stainless steel), or clamp which
should reduce the flow rate by constricting the end of the tubing; (3) insert a narrow diameter Tefion tube
into the pump's tubing so that the end of the tubing is in the water column and the other end of the
tubing protrudes beyond the pump’s tubing, collect sample from the narrow diameter tubing.

Prepare samples for shipping as per SOP SA-6.1.
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ATTACHMENT A
PURGING EQUIPMENT SELECTION
Peristattic | Vacuum Diaphragm | Submersible | Submersibie Suzmersible
H H H g w n . . I ct
Diameter Casing Bailer Pump Pump Air-lift ;Lar:: DuaPth:pgm E;:cr;r: pzmr:
w/Packer
1.25-Inch | Water level
<25 feet X X X
Water Level
> 25 feet
2-inch Water leve!
< 25 feet X X X X X
Water Level
>25 feet X X
4-inch Water level
<25 teet X X X X X X X
Water Levei
> 25 feet X X X X
6-inch Water ievel
< 25 teet X X X
Water Level
> 25 feet X X
8-Inch Water level
<25 feet X X X
Water Level
> 25 feet X X
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SPECIFIC CONDUCTANCE OF 1 MOLAR KCI

ATTACHMENT B

AT VARIOUS TEMPERATURES'

Temperature (°C) Spec(i:jfngg:fcurrc\;ance
pp 1,147
6 1,173
= 1,199
8 1,225
15 1,251
20 1,278
7 1,305
" 1,332
v 1,359
4 1,368
% 1,413
P 1,441
> 1,468
28 1,496
P 1,524
20 1,562

1

Data derived from the international Critical
Tables 1-3-8.
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GROUNDWATER SAMPLE
ACQUISITION AND ONSITE WATER Revision Eftective Date
QUALITY TESTING 3 03/01/96
ATTACHMENT C
VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER
AS A FUNCTION OF TEMPERATURE AND SALINITY
Dissolved Oxygen (mg/L)
Temperature Chloride Concentration in Water Difference/
(°C) 100 mg
0 5,000 10,000 15,000 20,000 Chloride
0 14.6 13.8 13.0 12.1 11.3 0.017
1 14.2 134 12.6 11.8 11.0 0.016
2 13.8 13.1 12.3 115 10.8 0.015
3 13.5 12.7 12.0 11.2 10.5 0.015
4 13.1 124 11.7 11.0 10.3 0.014
5 12.8 12.1 11.4 10.7 10.0 0.014
6 12.5 11.8 1.1 10.5 9.8 0.014
7 12.2 11.5 10.9 10.2 9.6 0.013
8 11.9 11.2 10.6 10.0 9.4 0.013
9 11.6 11.0 10.4 9.8 9.2 0.012
10 11.3 10.7 10.1 9.6 9.0 0.012
11 11.1 10.5 9.9 94 8.8 0.011
12 10.8 10.3 9.7 9.2 8.6 0.011
13 10.6 10.1 95 9.0 8.5 0.011
14 10.4 9.9 9.3 8.8 8.3 0.010
15 10.2 9.7 9.1 8.6 8.1 0.010
16 10.0 9.5 9.0 8.5 8.0 0.010
17 9.7 9.3 8.8 8.3 7.8 0.010
18 9.5 9.1 8.6 8.2 7.7 0.009
19 94 8.9 85 8.0 7.6 0.009
20 9.2 8.7 8.3 7.9 7.4 0.009
21 9.0 8.6 8.1 7.7 7.3 0.009
22 8.8 8.4 8.0 7.6 71 0.008
23 8.7 8.3 7.9 7.4 7.0 0.008
24 8.5 8.1 7.7 7.3 6.9 0.008
25 8.4 8.0 7.6 7.2 6.7 0.008
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(and therefore, used to correct measured D.O. concentration) using Attachment B.

Subject Number Page
SA-1.1 27 of 27
GROUNDWATER SAMPLE
ACQUISITION AND ONSITE WATER Revision Effective Date
QUALITY TESTING 3 03/01/96
ATTACHMENT C
VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER
AS A FUNCTION OF TEMPERATURE AND SALINITY
PAGE TWO
Dissolved Oxygen (mg/L)
Temperature Chloride Concentration in Water Difference/
(°C) 100 mg
0 5,000 10,000 15,000 20,000 Chioride
26 8.2 7.8 7.4 7.0 6.6 0.008
27 8.1 7.7 7.3 6.9 6.5 0.008
28 79 7.5 71 6.8 6.4 0.008
29 7.8 7.4 7.0 6.6 6.3 0.008
30 7.6 7.3 6.9 6.5 6.1 0.008
31 75
32 7.4
33 7.3
34 7.2
35 71
36 7.0
37 6.9
38 6.8
39 6.7
40 6.6
41 6.5
42 6.4
43 6.3
44 6.2
45 6.1
46 6.0
47 5.9
48 5.8
49 5.7
50 5.6
Note: in a chloride solution, conductivity can be roughly related to chloride concentration
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1.0 PURPOSE

This section provides an overview of current techniques used to rapidly determine the presence or
absence of various target organic compounds at hazardous waste sites. This section also describes the
functions and capabilities of available instrumentation and provides suggestions of adapted methods
suitable to the use and constraints of mobile laboratories. The purpose of this section is not to establish
standardized analytical procedures, but to describe the concepts employed in field screening analyses.
The purpose also is to provide guidance in the application of the best methodology practicable, based
upon site-specific requirements, with consideration given to native interferences, specific data quality
objectives, and variances in available instrumentation.

2.0 SCOPE

Field screening techniques provide for the semi-quantitative analysis of specified compounds by use of
portable or transportable instruments based at, or near, a sampling site. Field screening generates
Level Il data. As such, field screening provides unique information, and it is therefore important to
understand the usability of the data generated. Because of the sophistication of the instruments used
and the ability to identify specific compounds, field screening analysis should not be confused with non-
specific techniques (for example, the process of obtaining total organic readings from portable meters).
However, because field screening results are not confirmed (i.e., are generated by non-confirmatory
columns and detectors) and are supported by only moderate control criteria, field screening data are not
suitable for assessing risk.

The main asset of field screening lies in quick turn-around time and specific (though not confirmed) data,
which are suitable for support in field decisions involving, for example, the best placement of well
screens, the optimal positioning of monitoring wells, the focusing of sample submissions to fixed-base
laboratories (i.e., the selection of samples that will yield the most important information), the delineation
of contaminant plumes, the evaluation of unexpected exposures to the field crew, and fundamental
regulatory/remedial support. In this manner, field screening aliows for decisions to be made on a real-
time basis while the field team is mobilized, thus avoiding the several week lag time which occurs when
waiting for fixed-base laboratory resuits.

Field screening techniques are applicable to the analysis of air, soil gas, water and solid matrices for
various volatile. semi-volatile, pesticide and PCB compounds. For correlative and quality control
purposes. field screening is usually performed in conjunction with a previously established percentage
of sample submissions sent to a fixed-base laboratory as split-sample analyses.

3.0 GLOSSARY

Affinity - Molecular attraction

Inert Gas - Non-reactive gas, such as nitrogen or helium, which are both commonly used as
purge/carrier gas.

Isothermal - At constant temperature.
Neat - Undiluted.

Suspect - Estimated; of questionable accuracy.

019611/P Brown & Root Environmental
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Target Compound - Of the host of plausible compounds (i.e., compounds that would be recognized by
the methodology used), the few compounds chosen for analysis that are felt to be representative of site
contamination. Typically, a few compounds are selected and monitored, thus facilitating the analytical
effort.

4.0 RESPONSIBILITIES
Field screening-generally consists of two phases:

° An initial survey (pre-screening) using instruments such as OVA meters or HNU detectors
to analyze the ambient conditions on site or to conduct limited analyses of samples. Pre-
screening generates Level | data. Pre-screening activities may be forfeited if sufficient site
historical data exist.

. Mobile laboratory analysis to quickly process a larger number of sampies, and to provide
specific qualitative and quantitative Level l| data.

Personnel and assigned duties essential to the accomplishment of the above two tasks are outlined
below:

° Site Manager - Responsible for developing, in consultation with other project personnel
(e.g.. geologists. chemists, engineers, toxicologists, client), a comprehensive work plan in
which pre-screening and screening activities are defined.

® Field Operation Leader - Responsible for the procurement of all necessary equipment and
the direct supervision of site activities.

° Sampier - Responsible for conducting pre-screening, if applicable, sampling for submission
to the mobile laboratory and fixed-base laboratory, packaging and shipment of samples to
the fixed-base laboratory, and the preparation of all necessary paper work associated with
sampling and shipment.

° Site Chemist - Responsible for the receipt and analysis of samples submitted to the mobile
laboratory for targeted analysis. Responsible for giving guidance in conjunction with the
interpretation and appropriate use of the field screening data generated. Responsible for
the oversight of analytical QA/QC.

'Y Health and Safety Officer - Responsible for the development of an appropriate health and
safety plan prior to the commencement of site activities. Responsible for the observance
of all site operations, for providing assistance and modifying the health and safety plan as
necessary to ensure worker protection.

5.0 PROCEDURES

The following subsections discuss methodologies that have been applied successfully in the field
screening of environmental samples obtained from hazardous waste sites. These methodologies are not
stand-alone protocols and are not intended to serve as standardized analytical procedures. These
methodologies are presented as formats within which analytical approaches, based on the referenced
established methods, may be developed to fit site specific needs and data quality objectives. It is
necessary for the site chemist and the project manager to address the specific modifications to the

019611/P Brown & Root Environmentat
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procedures that will be employed and to obtain the necessary approval prior to the commencement of
site activities.

5.1 Field Screening of Target Purgeable Volatile Organic Compounds (Aqueous Matrix)

5.1.1 Overview

The following methodology describes a modification of EPA 600 series purge and trap gas
chromatographic procedures suitabie for the determination of volatile organic contaminants in aqueous
matrix samples.' Via this methodology, a portion of neat sample or dilution is placed into a glass
sparging vessel which is sealed onto a purging device. The contained sample aliquot is subjected to a
stream of inert gas which is allowed to bubble through the matrix. This mechanical bubbling action
effectively strips the contaminants (now volatilized) from the aqueous matrix and sweeps them onto a
packed sorbent tube (i.e., trap), where they are subsequently desorbed (by the action of heat and reverse
gas flow) onto a suitable column housed in a pre-programmed gas chromatograph (GC). The
contaminants become separated and resolved as they travel through the GC column. Eventually, the
contaminants elute through an appropriate detector. The detector signals are processed and interpreted
via a previously programmed integrator. Figure 1 provides a list of Potential Volatile Target Compounds.

5.1.2 Summary of Methods

Low Level Analysis - Use of 20 mL neat sample aliquot is suggested in order to achieve reportable
detection limits of approximately 5 ug/L. Sample aliquots should be introduced into the sparger using
a 10 mL GC syringe. Sampile aliquots should not be pipetted, as the action of pipetting may compromise
sample integrity due to mechanical stripping.

Medium Level Analysis - Proportioned dilutions may be achieved by using a reduced sample aliquot ptus
a compiementary portion of organic-free water for sparging. For example, a four-fold dilution can be
simulated by injecting 5 mL of neat sample plus 15 mL of organic-free water. Similarly, extremely high
concentration samples may be analyzed by spiking uL aliquots of neat sample in 19+ mL of organic-free
water.

5.1.3 interferences

Interferences can result from many sources, considering the environmental settings of most hazardous
waste sites. However, most interfering impurities are artifacts originating from organic compounds within
the specialty gases and the plumbing within the purging mechanism. Interferences in the anailytical
systemn are monitored by the analysis of method blanks. Method blanks are analyzed under the same
conditions and at the same time as standards and sampies, to establish an average background
response.

Samples can become contaminated by the diffusion of high concentration contaminants to lower
concentrated samples through container seals during shipping and storage. [f opted as part of the
analysis plan, organic-free trip blanks may be developed and carried by the sampling team together with
field samples to assess the existence and the magnitude of this phenomenon.

! (EPA Methods 601, 602, 612, and 624).

019611/P Brown & Root Environmental
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FIGURE 1

SUMMARY OF POTENTIAL TARGET COMPOUNDS

(Volatile Organics Analysis)

Acetone

Benzene

Bromoform

Carbon Tetrachioride

Chlorobenzene

Chloroform

Ethylbenzene

Methylene chloride

1,1-Dichloroethene

total 1,2-Dichloroethenes

1,1-Dichloroethane

1,2-Dichloroethane

1,1,1-Trichloroethane

Tetrachloroethene

Toluene

Trichioroethene

Total Dichlorobenzenes

Total Xylenes

2-Butanone (MEK)

4-Methyi-2-pentanone (MIBK)
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Methanol - Pesticide grade or equivalent.

Artifacts, which manifest themselves as carryover in the next anaiytical run, can also occur within the
analytical apparatus whenever a highly contaminated sample is introduced. To preclude this from
occurring, the sample line and sparge vessel are thoroughly rinsed with organic-free water prior to the
bake cycle of each highly contaminated sample run.

5.1.4 Major Apparatus and Materials

Purge and Trap Device - Tekmar Company Model LSC-2 or equivalent complete with a 25 mL glass
sparge vessel and a 1/8-inch-O.D. x 25-cm-long stainless steel trap. The trap may be packed solely with
Tenax. Alternately, trap packing may consist of 1.0 cm of 3 percent OV-1, 15 cm of Tenax and 8 cm of
silica gel. Appropriate trap selection is contingent upon the target compounds being anaiyzed.

Gas Chromatograph (GC) - Hewiett Packard 5890 or equivalent. The analytical system should be

equipped for temperature programming, packed and/or capiilary column analysis, and direct-column
injection.

Detector - PID/FID or PID/HECD in series; FID only. Optimum detector selection should be based upon
the sensitivities of the target compounds being analyzed.

Analytical Column - Glass or stainless steel column packed with 1 percent SP-1000 on 60/80 mesh
Carbopack B. Alternatively a suitable capillary column may be used.

Syringes - Assorted: 5 pl, 25 pl, 100 uL, 1 mL, 10 mL.

Volumetric Flasks - 10 mL, 25 mi., 100 mL.

Analytical Balance - Capable of accurately weighing 0.0001 g.

Oven - Constant temperature for the regeneration of contaminated apparatus.

Refrigerators - One dedicated refrigerator each for separate sample and standard storage. Each should
be capabie of maintaining a stable temperature of 4°C.

5.1.5 Reagents

Organic-Free Water - Supplied by laboratory or purchased.
Neat Solvents - 96 percent purity, or better, for each compound of interest.

5.1.6 Calibration

Standards - Calibration standards containing the compounds of interest are prepared in methanoi by
either diluting commercially purchased stock standard mixes or by creating in-house standards from pure
solvents. In-house calibration standards are prepared gravimetrically, in that an appropriate ulL aliquot
of each target compound is introduced into a known volume of methanol. The appropriate uL aliquot
of compound is based upon the compound'’s density and response to the selected detector. Calibration

standards are created at a level such that a 2-5 uL spike of standard into 20 mL of organic-free water
is suitable for continuing calibration purposes.

019611/P
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Peak l|dentification. Compound identities may be substantiated by the analysis of each individual
component, thereby documenting compound retention time.

Initial Linearity. An initial three-point calibration curve is generated by the analysis of multiple-aliquot
injections of calibration standard. For example, if the calibration standard is created such that a 2 ul
spike into organic-free water yields results at the ievel of the reported detection limits, a three-point
calibration curve may be achieved by the analysis of 2 uL, 5 ul, and 10 L aliquot spikes. The linearity
study for field screening is conducted in such a way as to substantiate the performance of the detector
at the level of the reportable limits. [t is not performed to demonstrate the entire range of detector
capability. The primary objective of field screening is the determination of “clean” versus "dirty* and all
results are therefore, considered to be semi-quantitative.

integration. Calibration of the analytical system is achieved via the external standard method in which
response factors (RF) for each compound are obtained by the analysis of a standard mix of known
concentration. Following the analysis of this known standard mix, an electronic file is created
establishing each peak’s identity, retention time, RF, and known concentration. The RF for each target
compound is determined by dividing the known concentration by the associated peak response (area
or height units). For initial calibration, each compound’s average response factor is determined by
averaging the peak response results generated for the initial linearity study. These average response
factors are programmed into the integrator to allow for direct concentration reading of contaminants
found in subsequent sample analyses.

Continuing Calibration. Calibration of the analytical system should be updated three times daily, using
the mid-concentration standard: (1) preceding the daily analysis, (2) mid-day and (3) after the daily
analyses. :

5.1.7 Gas Chromatography

Preconcentration of sample contaminants is achieved through the purge-and-trap process in which
stripped volatile contaminants are adsorbed onto a sorbent trap. The affinity the volatilized organic
contaminants have for the special packing inside the sorbent tube cause them to be retained within the
tube (i.e., adsorbed onto the packing), while other inert components pass through the tube. The purge
and trap process consists of a prepurge cycle (optional), a purge cycie (during which contaminants are
stripped away from the sample matrix and are trapped within the sorbent tube), a dry purge cycle
(optional), a desorb cycle (in which the contaminants are backfiushed off the sorbent tube and onto the
GC column), and a bake cycle in which the sorbent tube (trap) is heated (with flow) to a high
temperature, regenerating of the trap. The selection of the appropriate temperature, options, and
duration of the purge and trap processes are contingent upon the target compounds being analyzed.
Generally, the following range of conditions apply:

Cycle Temperature Duration
Purge Ambient 8 - 10 minutes
Desorb 180°C 2 - 4 minutes

.| Bake 215°C 7 - 10 minutes

Desorption of the adsorbed contents of the sorbent trap onto the head of a previously conditioned GC
analytical column allows for subsequent analysis by temperature-programmed gas chromatography. The
desorbed contaminants are first held at constant temperature (usually in the range of 45-55°C) at the
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head of the analytical column for a period of 3 to 5 minutes. After this initial time period. the GC oven
temperature is raised at a constant rate (usually 8-15°C/minute) until a final temperature of 200-225°C
is reached. The final temperature is customarily held for a period of 3 to 10 minutes.

The affinity of the volatile contaminants to either the analytical column'’s mobile or stationary phase, the
effect of elevated temperature, and the action of the carrier gas flow through the column cause the
volatile contaminants to become separated and resoived, allowing them to elute in bands through the
selected detector. As long as the analytical conditions remain constant, each type of volatile component
will elute at a characteristic retention time (RT). In this manner, sample contaminants are identified and
quantified by comparison to a run of a standard mix containing known compounds concentrations.

Quantitation of volatile contaminants in aqueous matrix samples is calculated based upon the foliowing

formula:
Concentration sample (ug/L) = target peak response (sample) x RF x DF
where: RF (Response Factor) = Target Concentration Std. (ug/L)
Target Peak Response Std.
DF (Dilution Factor) is used when applicable
5.2 Field Screening of Target Purgeable Volatile Organic Compounds (Solid Matrix)
5.2.1 Overview

The following methodology describes a modification of SW846 analytical procedures suitable for the
determination of volatile organic contaminants in solid matrix samples.2 Via this methodology a portion
of sample matrix, or extract, is placed into a glass sparging vessel along with 5-10 mL of organic-free
water. The sparge vessel is then sealed onto a purging device. The contained sample (or extract)
aliquot is heated while a stream of inert gas is bubbled through the slurry. The mechanical bubbling
action effectively strips the contaminants (now volatilized) from the matrix slurry and sweeps them onto
a packed sorbent tube (i.e., trap) where they are subsequently desorbed (by action of heat and reverse
gas flow) onto a suitable column housed by a pre-programmed gas chromatograph (GC). The volatile
contaminants become separated and resolved as they travel through the GC column. Eventually the
contaminants elute through an appropriate detector. The detector signals are processed and interpreted
by a previously programmed integrator (see Figure 1 for a list of Potential Volatile Target Compounds).

5.2.2 Summary of Methods

Low Level Analysis. Use of a 5 gram sample is suggested to achieve reportable detection limits of
approximately 5 ug/kg. The solid matrix (free of obvious pebbles and unrepresentative organic matter)
should be quickly measured directly into a tared sparge vessel. After the exact weight of sample is
recorded, 5 mL of organic-free water is introduced into the sparger. A heated purge is required.

2 (Sws46 Methods 5030, 8010, 8015, 8020, 8120, 8240. and 3580).
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Medium Level Analysis. Simple dilutions may be achieved by using a reduced portion of the solid matrix
(i.e., 1-<5 grams) and a complementary portion of 9 to 5 mL organic-free water. For exampie, a 2.5X
dilution can be simulated by adding 8 mL of organic-free water to 2 grams of weighed matrix. Moderate
to high concentration samples are prepared by extracting a 5 gram portion of solid matrix with 10 mL
methanol. A suitable aliquot of the methanol extract (usually 10 uL to 200 ul) is then spiked into a
sparge vessel containing 10 mL organic-free water. Note that the 1:2 ratio of sample to solvent has
introduced a two-fold dilution. The additional dilution factor based upon the uL injection used must also
be taken into consideration.

5.2.3 Interferences

The analysis of volatile organic contaminants in solid matrix samples is susceptible to the same
interferences discussed in Subsection 5.1.3. Additionally, some chromatographic artifacts may occur due
to impurities present in the methanol used to extract medium/high concentration samples.

5.2.4 Major Apparatus and Materials

in addition to the equipment listed in Subsection 5.1.4, the following devices and materials are required:

Sparge Heater - Tekmar Model 4100 or equivalent. Must be capable of maintaining constant temperature
during the purge process.

Pipettes - Assorted glass disposable: 1 mL, 5 mL, 10 mL.
Vials - 15 mL septum-seal for storage of sample extracts.
Vials - 40 mL septum-seal for use in extracting contaminants from sample matrix.

Glass Marking Pen - For labeling vials.

Laboratory Timer - To use during the extraction process.

Aluminum Weighing Pans - For use in determining moisture content of the sampie matrix.
5.2.5 Reagents
Methanol - Pesticide grade or equivaient.

Organic-Free Water - Supplied by laboratory or purchased.

Neat Solvents - 96 percent purity or better for each compound of interest.

5.2.6 Calibration

Standard preparation, peak identification, initial linearity, integration, and continuing calibration are
accomplished as outlined in Subsection 5.1.6.
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5.2.7

Sampie Preparation

Medium to high concentration samples are extracted in methanol prior to chromatographic analysis. The
following extraction protocol is suggested:

5.2.8

Weigh and tare a 40 mL septum-seal vial using an analytical balance.
Add 5.0 grams of sample matrix to the vial; record weight.

Pipet a 10 mL volume of methanol into the vial. Assuming 100 percent transference of
contaminants from matrix to methanol, note that a 2X dilution factor has been introduced.

Remove the vial from the anaiytical balance, cap and shake vigorously for 2 full minutes
(alternatively, vial contents may be sonicated).

Set the vial aside and allow the contents to settie for 5 minutes.

Pipet off the supernatant extract into a labeled 15 mL vial.

Perform a gas chromatographic analysis by spiking 10 uL-200 ul of the methanol extract

into approximately 10 mL organic-free water. Calculate total dilution (deviation) from the
original 5 gram sample base.

Gas Chromatography

The same chromatographic theory and GC run conditions outlined in Subsection 5.1.7 are applicable to
the volatile organic analysis of solid matrix samples with the following additions:

Prepurge and dry-purge options of the purge and trap process are recommended; a heated purge is
required. Sample prepurge enhances subsequent chromatography by allowing air molecules present
in the sparge vessel to be replaced by inert purge gas molecules prior to the actuai purge cycle. The
dry-purge option follows the purge cycle. Dry-purge removes water vapor from the trap tube prior to
the desorb cycle. The selection of appropriate purge and trap conditions are contingent upon the target
compounds being analyzed. Generally, the following range of conditions apply:

Cycle Temperature Duration
Prepurge/Preheat Ambient/to 40°C | 2 minutes/1 minute
Purge 40°C 8 - 10 minutes
Dry-Purge 40°C 2 minutes
Desorb 180°C 3 - 5 minutes
Bake 215°C 7 - 10 minutes

019611/P
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Due to the extraction process and the need to correct the final value for moisture content, the

quantitation of volatile contaminants in solid matrix samples is calculated based upon the following
formula:

Cancentration (ugkp) = Sample Pesk Response (Area or Height) x RF x 1/wt of sample extraclg) x final volume (mL) x 1% solids

where: RF (Response Factor) = _larget Conc. Std. (wg/L)
Target Peak Response Std.

% solids = 100 - % moisture

Wet wt. - Dry wt.
Wet wt.

% moisture = x 100

The protocol for determining percent moisture is presented in Subsection 5.12.

5.3 Field Screening of Target Semivolatile Organic Compounds (Aqueous Matrix)

5.3.1 Overview

The following methodology describes a modification of SW846 preparative and EPA 600 series analytical
gas chromatographic procedures suitable for the determination of semi-volatile contaminants in aqueous
matrix samples.3 Via this methodology, a portion of neat sample is extracted using rapid field
techniques. An aliquot of sample extract is then directly injected onto an analytical column housed by
a previously calibrated gas chromatograph (GC). The semi-volatie compounds are resolved by
temperature-programmed gas chromatography and are detected by an FID (Flame lonization Detector).
The detector signals are processed and interpreted via a previously programmed integrator. Figure 2
provides a list of Potential Target Compounds).

5.3.2 Summary of Method

Low Level Analysis - Use of 25 mL neat sample aliquot is suggested. Detection limits vary per each

compound sensitivity to the detector. Detection limits of approximately 100 ug/L. to 800 ug/L are
achievable.

Medium Level Analysis - Proportioned dilutions may be achieved by using a reduced sample aliquot.

For example, a five-fold dilution can be simulated by extracting only 5 mL neat sample while retaining
the same volume of extraction solvent.

8 (SW846 Methods 3550 and 3580; EPA Methods 604, 605, 610, 611, and 625).
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FIGURE 2

(Semivolatile Organics Analysis)

Acenaphthene Hexachloroethane
Acenaphthylene Naphthalene
Anthracene 2-Chloronaphthaiene
Benzo(a)anthracene 2-Methyinaphthalene
Benzo(a)pyrene Phenanthrene

total Benzofluoranthenes Pyrene

Butyl benzyl phthalate

1.2,4-Trichlorobenzene

Chrysene

total Dichlorobenzenes

Diethyl phthalate

Phenol

Dimethyl phthalate

2-Chlorophenol

Di-n-butyl phthalate

2,4-Dichiorophenol

Di-n-octyl phthalate

2.4,5-Trichlorophenol

Fluoranthene

2.4,6-Trichlorophenot

Fluorene

2-Methyiphenol

Hexachlorobenzene

4-Methyiphenol

Hexachiorobutadiene

2,4-Dimethyiphenol

Hexachlorocyclopentadiene

4-Chloro-3-methyiphenol
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5.3.3 Interferences

interferences inherent to this procedure stem from four major sources: (1) impurities present in the
solvents used for extraction. (2) system artifacts caused by insufficient column conditioning (3) residual
contamination remaining on improperly cleaned glassware and (4) matrix interferences caused by co-
extracted organic matter.

interferences in"the analytical system are monitored by the analysis of method blanks. Method blanks
are analyzed under the same conditions and at the same time as standards and samples, in order to
establish average background response.

Antifacts, which manifest themselves as carryover in the next analytical run, can also occur within the
analytical apparatus whenever a highly contaminated sample is introduced. To preclude this from
occurring, injection syringes are repeatedly flushed with solvent and the analytical column is baked for
a short period of time following each direct injection analysis.

5.3.4 Major Apparatus and Materials
Gas Chromatograph - Hewlett Packard 5890 or equivalent. The analytical system should be equipped

for packed or capillary column analysis with a temperature programmable oven and on-column injection
capabilities.

Detector - Flame lonization Detector (FID).

Anaiytical Column - Better resolution is achieved through use of a capillary column (such a DB-5 or
equivalent). However, a packed column, such as 3 percent SP-2250 on 100/120 mesh Supelcoport, is
more practical for fieild use.

Syringes - Assorted: 5 ul, 25 ul, 100 ul, 1 mL

Analytical Balance - Capable of accurately weighing 0.0001 g.

Vials - 40 mL septum-seal for extraction.
Vials - 2 dram septum-seal for extract storage.
Pipets - Assorted: 1 mbL, 5 mL, 10 mL; disposable glass.

Refrigerator - Separate for sample and standard storage. Capable of maintaining a stable temperature
of 4°C,

Glass Marking Pen - For labeling vials.

Laboratory Timer - To use during the extraction process.

Hydrion Paper - To measure pH.
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5.3.5 Reagents
Methanol - Pesticide grade or equivaient.

Methyiene Chloride - Pesticide grade or equivalent.

Sulfuric Acid - 1N, reagent grade.

Neat Standards - 96 percent purity or better for each compound of interest.

5.3.6 Calibration

Standards. Calibration standards containing the compounds of interest are prepared from commercially
purchased standard mixes or pure compound. All standards are made and/or diluted using a

1:1 mixture of methylene chloride: methanol and are created for use via a 2 uL direct injection.

Peak Identification. Compound identities may be substantiated by the analysis of each individual
component thereby documenting compound retention time.

Initial Linearity. An initial three point calibration curve is generated by the analysis of multiple-aliquot
injections of calibration standard. For example, if the calibration standard is created such that a 2 ulL
spike yields resulits at the level of the reported detection limits, a three-point calibration curve may be
achieved by the analysis of 2 uL, 5 uL and 10 ul aliquot spikes.

Calibration. Calibration of the analytical system is achie\_/ed via the external standard method, in which
response factors (RF) for each compound are obtained by the analysis of a standard mix of known
concentration. Following the analysis of this known standard mix, an electronic file is created
establishing each peak’s identity, retention time, RF and known concentration. The RF for each peak
is determined by dividing the known concentration by the peak response (area or height units) of the
associated peak. For initial calibration, each compound's average response factor is determined by
averaging the peak response results generated for the initial linearity study. These average response
factors are programmed into the integrator to allow for direct concentration reading of contaminants
found in subsequent sample analyses.

Continuing Calibration. Calibration of the analytical system should be updated three times daily:
(1) preceding the daily analyses, (2) mid-day and (3) after the daily analyses. Continuing calibration
should be conducted at a concentration level equal to the reported detection limits.

5.3.7 Sample Preparation
All sampies must be extracted prior to chromatographic analysis. A suggested protocol follows:

] Pipet 25 mL of aqueous sample matrix each into two 40 mL septum-seal vials; discard
pipet.

° Add exactly 2.5 mL of methylene chloride to one of the vial's contents.
° Adjust the pH of the other vial's contents to pH <2 using sulfuric acid.

° Add exactly 2.5 mL methylene chloride to the adjusted contents of the second vial.
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° Cap the vials and shake vigorously for 2 full minutes.

o Set the vials aside and allow the contents to settle for 5 minutes.

° Combine the extracts by pipetting exactly 1.5 mL each of the supernatant extracts into a

2 dram septum-seal vial.

° Gas chromatographic analysis is performed by directly injecting 2-5 uL of combined sample
extract onto the GC’s analytical column.

5.3.8

Sample contaminants are first stripped from the matrix by means of methylene chloride extraction (see
Subsection 5.3.7). A 2-5 uL aliquot of the sample extract is introduced onto the head of a previously
conditioned analytical column by means of direct injection technique. The semi-volatile contaminants
are then resolved by temperature-programmed gas chromatography in which the action of carrier gas
flow, elevated temperatures and the affinity each semi-volatile compound has for the phases of the
column packing cause the contaminants to separate into bands. As the bands of contaminants elute
from the column, they are recognized by an FID (Flame lonization Detector). Detector signals are then
processed by a previously programmed integrator. As long as analytical conditions remain constant,
each semivolatiie compound will elute at a characteristic retention time (RT). In this manner. sample
contaminants are identified and quantified by comparison to a run of standard mix of known

concentration.

Under the following run conditions, most compounds of interest will elute within 32 minutes:

These conditions will need to be adjusted as necessary in order to optimize the resolution of the specific

Gas Chromatography

Run Parameter Setting
Initial Column Temperature 100°C
Initial Hold Time 1 minute
Rate 10°C/minute
Final Column Temperature 300<C
Carrier Gas Flow 20 mL/minute

compounds of interest.

019611/P

Brown & Root Environmental



Subject Number Page
SF-1.3 19 of 63
FIELD SCREENING Revision Effective Date
0 03/01/96

Appropriate quantitation of sample contaminants is based upon the following formuia:

Concentration (ug/L) = Target peak response (sample) x RF x DF

Target Concentration Std. (ug/L)
Target Peak Response

where: RF (Response Factor) =

DF (D_ilution Factor) is used when applicable

5.4 Field Screening of Target Semivolatile Organic Compounds (Solid Matrix)

5.4.1 Overview

The following methodology describes a modification of SWB846 analytical gas chromatographic
procedures suitable for the determination of semi-volatile organic contaminants in solid matrix samples.4
Via this methodology, a 2 gram portion of a solid sample is extracted using rapid field techniques. An
aliquot of the sample extract is then directly injected onto an analytical column for analyses by
temperature-programmed gas chromatography. The semi-volatile contaminants are subsequently
analyzed by a flame ionization detector (FID). The detector signals are processed by a previously
programmed integrator (see Figure 2 for a list of Potential Target Compounds).

5.4.2 Summary of Methods

Low Level Analysis - The extraction of a 2 gram sample portion is suggested to achieve analytical results
comparable to approximately 50 mg/kg reportable detection limits.

Medium Level Analysis - Sample dilutions are achieved by diluting a portion of the sample extract (as
above) in an appropriate volume of methylene chioride.

5.4.3 Interferences

The analysis of semi-volatile contaminants in solid matrix samples is susceptible to the same
interferences discussed in Subsection 5.3.3.

5.4.4 Major Apparatus and Materials
In addition to the equipment listed in Subsection 5.3.4, the following device is required:

Oven - Constant temperature; for use in the determination of moisture content.

4 (sws64 Methods 3550 and 3580; 8040; 8060; 8100; 8270; and 8310).
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5.4.5 Reagents
Methanol - Pesticide grade or equivalent.

Methylene Chloride - Pesticide grade or equivalent.

Sulfuric Acid - 1N, reagent grade.
Neat Standards - 96 percent purity or better for each compound of interest.

Anhydrous Sodium Sulfate - Used to remove moisture from the sample matrix.

5.4.6 Calibration

Standard preparation, peak identification, initial linearity, integration and continuing calibration are
accomplished as outlined in Subsection 6.3.6.

5.4.7 Sample Preparation
All samples must be extracted prior to chromatographic analysis. A suggested protocol follows:
[ Weigh and tare two 40 mL septum-seal vials using an analytical balance.
. Add 2.0 grams of sample matrix (each) to the two vials. Record both sampie weights.

] Add approximately 2 grams of anhydrous sodium suifate to each vial. Mix the vial contents
thoroughly using a clean spatula.

° Add exactly 10 mL of methylene chloride to each vial.

° Invert one vial several times to mix. Adjust the pH of this vial's contents to pH<2 using
sulfuric acid.

° Cap the vial and shake vigorously for 2 full minutes (alternately, vial contents may be
sonicated).

™ Set the vials aside and allow the contents to settle for 5 minutes.

° Combine the extracts by pipetting off exactly 1.5 mL each of the supernatant extracts into
a labeled 2-dram septum-seal vial.

° Gas chromatographic analysis is performed by directly injecting a 2-5 uL aliquot of the
combined sample extract onto the GC's analytical column.

5.4.8 Gas Chromatography

The same chromatographic theory and GC run conditions outlined in Subsection 5.3.8 are applicable to
the semivolatile analysis of solid matrix sampies, with one addition:
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Due to the extraction process and the need to correct the final value for moisture content, the
quantitation of semi-volatile contaminants in solid matrix samples is calculated based upon the following
formula:

Concentration (sgkg) = Sample Psak Response (Area or Height) x RF x 1/wt of sampie extracg) x final volume (mL) x 1% solds

Target Conc. Std. (ug/L)
Target Peak Response Std.

where: RF (Response Factor) =

% solids = 100 - % moisture

Wet wt. — Dry wt.
Wet wt.

% moisture = x 100

The protocol for determining percent moisture is presented in Subsection 5.12.

5.5 Field Screening of Organochilorine Pesticides (Aqueous Matrix)

5.5.1 Overview

The following methodology describes a modification of EPA Method 608. This methodology is suitable
for the determination of organochlorine pesticide contaminants in aqueous matrix sampies. Via this
methodology, a portion of neat sample is extracted using rapid field techniques. An aliquot of sample
extract is then directly injected onto an analytical column housed in a previously calibrated gas
chromatograph (GC). The pesticide contaminants are resolved isothermalily and are detected by an
electron capture detector (ECD). Detector signals are processed and interpreted via a previously
programmed integrator. Figure 3 provides a list of Potential Target Compounds.

5.5.2 Summary of Methods

Low Level Analysis. A 20 mL neat sample aliquot is suggested to achieve method detection limits of
approximately 0.5 ug/L.

Medium Level Analysis. Proportioned dilutions may be achieved by using a reduced sample aliquot.
For example, a five-fold dilution can be simulated by extracting only 4 mL neat sample while retaining
the same volume of extraction solvent.

5.5.3 Interferences

Interferences inherent to this procedure stem from four major sources: (1) impurities present in the
solvents used for extraction, (2) system artifacts caused by insufficient column conditioning (3) residual

contamination remaining on improperly cleaned glassware and (4) matrix interferences caused by co-
extracted organic matter.

Interferences in the analytical system are monitored by the analysis of method blanks. Method blanks
are analyzed under the same conditions and at the same time as standards and samples, in order to
establish average background response.
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FIGURE 3
SUMMARY OF POTENTIAL TARGET
COMPOUNDS
(Organochlorine Pesticide Analysis)

) Alpha-BHC
Beta-BHC
Delta-BHC
Gamma-BHC (Lindane)
Aldrin
Chlordane
Dieldrin
Endosulfan |
Endosutfan Il
Endosulfan sulfate
Endrin
Heptachlor
Heptachlor epoxide
4,4-DDD
4,4-DDE
4,4-DDT
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Artifacts. which manifest themselves as carryover in the next analytical run, can also occur within the
analytical apparatus whenever a highly contaminated sample is introduced. To precliude this, injection
syringes are repeatedly flushed with solvent and the analytical column is baked for a short period of time
following each direct injection analysis.

5.5.4 Major Apparatus and Materials

Gas Chromatograph - Hewlett Packard 5890 or equivalent. The analytical system should be equipped
for packed or capillary column analysis with isothermal oven and on-column injection capabilities.

Detector - Electron Capture Detector (ECD)

Analytical Column - Glass or stainless steel packed with 1.5 percent SP-2250/1.95 percent SP-2401 on
100/120 mesh Supelcoport. Alternately, a 3 percent OV-1 on 80/100 mesh Supelcoport packed column
or a suitable capillary column may be used.

Syringes - Assorted: 5 ul, 25 uL, 100 ul, 1 mL.

Analytical Balance - Capable of accurately weighing 0.0001 g.

Vials - 40 mL septum-seal for extraction.
Vials - 2 dram septum-seal for extract storage.

Glass Marking Pen - For labeling vials.

Laboratory Timer - To use during the extraction process.

Pipets - Assorted: 1 mL, 5 mL, 10 mL; disposable giass.

Refrigerator - Separate for sample and standard storage. Capabie of maintaining a stable temperature
of 4°C.

5.5.5 Reagents

Hexane - Pesticide grade or equivalent.

Iso-octane - Distilled in glass.

Neat Standards - 96 percent purity or better for each compound of interest.

Zero-Grade Nitrogen - As carrier gas for the gas chromatograph (GC).
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5.5.6 Calibration

Standards. Calibration standards containing the compounds of interest are prepared from commercially
purchased standard mixes or pure compound. All standards are made and/or diluted using iso-octane
and are created for use via a 2 ul injection. An example of a working calibration standard within a
practical concentration range follows:

Compound Concentration
Lindane 0.0125 ng/ulL
Aldrin 0.0250 ng/ul
4,4'-DDT 0.0625 ng/ulL

Peak Identification. Compound identities may be substantiated by the analysis of each individual
component thereby documenting compound retention time.

Initial Linearity. An initial three-point calibration curve is generated by the analysis of multiple-aliquot
injections of calibration standard. For example, if the calibration standard is created such that a 2 uL
spike yields resuits at the level of the reported detection limits, a three-point calibration curve may be
achieved by the analysis of 2 ul, 5 uL, and 10 uL aliquot spikes.

Calibration. Calibration of the analytical system is achieved via the external standard method in which
response factors (RF) for each compound are obtained by the analysis of a standard mix of known
concentration. Following the analysis of this known standard mix, an electronic file is created
establishing each peak’s identity, retention time, RF, and known concentration. The RF for each peak
is determined by dividing the known concentration by the peak response (area or height units) of the
associated peak. For initial calibration, each compound’s average response factor is determined by
averaging the peak response resuits generated for the initial linearity study. These average response
factors are programmed into the integrator to allow for direct concentration reading of contaminants
found in subsequent sampie analyses.

Continuing Calibration. Calibration of the analytical system should be updated three times daily:
(1) preceding the daily analysis, (2) mid-day, and (3) after the daily analysis. Continuing calibration
should be conducted at a concentration level equal to the reported detection limits.

5.5.7 Sample Preparation

All samples must be extracted prior to chromatographic analysis. Samples are extracted in hexane
according to the following suggested protocol:

] Pipet 20 mL aqueous sample matrix into a 40 mL septum-seal vial; discard pipet.
. Add exactly 2.0 mL hexane to the measured matrix aliquot.
. Cap the vial and shake vigorously for 2 full minutes.

] Set the vial aside and allow the contents to settle for 5 minutes.
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) Pipet off the supernatant extract into a labeled 2 dram septum-seal vial.

® Gas chromatographic analysis is performed by directly injecting 2-5 uL of sample extract
onto the GC's analytical column.

5.5.8 Gas Chromatography

Sample contaminants are first stripped from the matrix by means of hexane extraction (see
Subsection 5.5.7). A 2-5 ul aliquot of the sampie extract is introduced onto the head of a previously
conditioned analytical column by means of direct injection technique. The organochlorine pesticide
compounds are resolved isothermally due to the affinity each compound has for the phases of the
column packing as they migrate (under flow) through the analytical column. As the contaminants elute
from the column, they are recognized by an electron capture detector (ECD). Detector signals are then
processed by a previously programmed integrator. As long as analytical conditions remain constant,
each type of organochlorine compound will elute at a characteristic retention time (RT). In this manner,
sample contaminants are identified and quantified by comparison to a run of standard mix of known
concentration.

Under the following run conditions all commonly targeted organochlorine pesticides wiil elute within

15 minutes:
Injection Port Temperature 300°C
Isothermal Oven Temperature 215°C
Detector Temperature : 350°C
Carrier Gas Flow ' 70 mL/minute

Appropriate guantitation of sample contaminants is based upon the following formula:

Concentration (ug/L) = Target Peak Response (Sample) x RF x DF

Target Concentration Std. (pg/L)
Target Peak Response Std.

where: RF (Response Factor) =

DF (Dilution Factor) is used when applicable

5.6 Field Screening of Organochiorine Pesticides (Solid Matrix)

5.6.1 Overview
The following methodology describes a modification of SW846 analytical gas chromatographic

procedures suitable for the determination of organochliorine pesticide contaminants in solid matrix
samples.5 Via this methodology, a 5 gram portion of solid sample is extracted using rapid field

S (SW8465 Methods 3550, 3580, and 8080).
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techniques. A 2-5 L aliquot of sample extract is then directly injected onto an analytical column for the
isothermal resolution of target compounds. The organochlorine pesticide contaminants are detected by
an electron capture detector (ECD). Detector signals are processed and interpreted via a previousty
programmed integrator.

5.6.2 Summary of Method

Low Level Analysis - Use of a 5 gram portion of sample is suggested to achieve method detection limits
of approximately 25 ug/kg.

Medium Level Analysis - Sample dilutions are achieved by diluting a portion of the sample extract (as
above) in an appropriate volume of iso-octane.

5.6.3 Interferences

The analysis of organochlorine pesticide contaminants in solid matrix samples is susceptible to the same
interferences discussed in Subsection 5.5.3.

5.6.4 Major Apparatus and Materials

In addition to the equipment listed in Subsection 5.5.4, the following device is required:
Oven - Constant temperature; for use in the determination of moisture content.

5.6.5 Reagents

Hexane - Pesticide grade or equivalent.

Isg-Octane - Distilled in glass.

Neat Standards - 96 percent purity or better for each compound of interest.

Zero-Grade Nitrogen - As carrier gas for the gas chromatograph (GC).

Anhydrous Sodium Sulfate - Used to remove moisture from the portion of soil prior to extraction.

5.6.6 Calibration

Standard preparation, peak identification, initial linearity, integration and continuing calibration are
accomplished as outlined in Subsection 5.5.6.

5.6.7 Sample Preparation

All samples must be extracted prior to chromatographic analysis. A suggested extraction protocol
follows:

° Weigh and tare a 40 mL septum-seal vial using an analytical balance.

° Add 5.0 grams of sample matrix to the vial; record weight.
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° Add approximately 3 grams of anhydrous sodium sulfate; mix thoroughly using a clean
spatula.

. Pipet exactly 8.0 mL of hexane into the vial.

° Cap the vial and shake vigorousiy for 2 full minutes (alternately, vial contents may be
sonicated).

] Set the vial aside and allow the contents to settle for 5 minutes.
® Pipet off the supernatant extract into a labeled 2 dram septum-seal vial.

° Gas chromatographic analysis is performed by directly injecting 2-5 ul of sample extract
onto the GC's analytical column.

5.6.8 Gas Chromatography

The same chromatographic theory and GC run conditions outlined in Subsection 5.5.8 are applicable to
the pesticide analysis of solid matrix samples, with one modification:

Due to the need to correct the final value for moisture content, the quantitation of pesticide contaminants
in solid matrix samples is calculated based upon the following formuia:

Concentration (ugrkg) = Sample Peak Response (Area or Height) x RF x 1/wt of sample extrackg) x final volume (mL) x 1% solids

Target Conc. Std. (ug/L)

where: RF (Response Factor) =
Target Peak Response Std.

% solids = 100 - % moisture

Wet wt. - Dry wt.
Wet wt.

% moisture = x 100

The protocol for determining percent moisture is presented in Subsection 5.12.

5.7 Field Screening of Polychlorinated Biphenyl (PCB) Compounds (Aqueous Matrix)

5.7.1 Overview

The following methodology describes a modification of EPA Methods 608 and 625. This methodology
is suitable for the determination of polychlorinated biphenyl (PCB) contaminants in aqueous matrix
samples. Via this methodology, a portion of neat sample is extracted using rapid field techniques. An
aliquot of sample extract is then directly injected onto an analytical column housed by a previously
calibrated gas chromatograph (GC). The PCB contaminants are resolved isothermally and are detected
by an electron capture detector (ECD). Detector signals are processed and interpreted via a previously
programmed integrator (see Figure 4 for a list of Potential Target Compounds).
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FIGURE 4

SUMMARY OF POTENTIAL TARGET
COMPOUNDS

(PCB Analysis)

Aroclor-1016

Aroclor-1221

Aroclor-1242

Aroclor-1248

Arocior-1254

Aroclor-1260
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5.7.2 Summary of Method

Low Level Analysis - A 20 mL neat sample aliquot is suggested to achieve method detection limits of
approximately 15 ug/L.

Medium Level Analysis - Proportioned dilutions may be achieved by using a reduced sample aliquot.
For example, a five-fold dilution can be simulated by extracting only 4 mL neat sample while retaining
the same volume of extraction solvent.

5.7.3 Interferences

Interferences inherent to this procedure stem from four major sources: (1) impurities present in the
solvents used for extraction, (2) system artifacts caused by insufficient column conditioning (3) residual
contamination remaining on improperly cleaned glassware and (4) matrix interferences caused by co-
extracted organic matter.

Interferences in the analytical system are monitored by the analyses of method blanks. Method blanks
are analyzed under the same conditions and at the same time as standards and samples, in order to
establish average background response.

Artifacts (which manifest themselves as carryover in the next analytical run) can also occur within the
analytical apparatus whenever a highly contaminated sample is introduced. To preclude this, injection
syringes are repeatedly flushed with solvent and the analytical column is baked for a short period of time
following each direct injection analysis.

5.7.4 Major Apparatus and Materials

Gas Chromatograph - Hewiett Packard 5890 or equivalent. The analytical system should be equipped
for packed or capillary column analysis with isothermal oven and on-column injection capabilities.

Detector - Electron Capture Detector (ECD).

Analytical Column - Glass or stainless steel packed with 1.5 percent SP-2250/1.95 percent SP-2401 on
100/120 mesh Supelcoport or equivalent. Aiternately, a suitable capillary column may be used.

Syringes - Assorted: 5 ul, 25 uL, 100 uL, 1 ml.

Analytical Balance - Capable of accurately weighing 0.0001 g.

Vials - 40 mL septum-seal for sample extraction.

Glass Marking Pen - For labeling vials.

Laboratory Timer - For use during the extraction process.

Vials - 2 dram septum-seal for extract storage.
Pipets - Assorted: 1 mL, 5 mL, 10 mL; disposable glass.

Refrigerator - Separate for sample and standard storage. Capable of maintaining a stable temperature
of 4°C.
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5.7.5 Reagents
Hexane - Pesticide grade or equivalent.
Neat Standards - 96 percent purity or better for each compound of interest.

Zero-Grade Nitrogen - As carrier gas for the gas chromatograph (GC).

5.7.6 Calibration

Standards. A singular calibration standard for each PCB compound is prepared from commercially
purchased standards or pure compound. All standards are made and/or diluted using hexane and are
created for use via a 2 ul injection. A working calibration standard concentration of 0.375 ng/uL for
each arochlor is usually practical.

Peak Identification. Each PCB compound is identified by its unique pattern (fingerprint). The identity of
each target arochlor is substantiated by the singular analysis of each individual arochlor.

Calibration. Calibration of the analyticai system is achieved via the external standard method in which
response factors (RF) for each individual arochlor are obtained by the analysis of a standard of known
concentration. For each arochlor analyzed, the responses of several peaks characteristic to that particular
arochlor are summated. Following the analysis of this known standard, a file is created noting each
arochlor's pattern (i.e., the retention times of each characteristic peak), the appropriate RF and known
concentration. The RF for each arochlor is determined by dividing the arochior’s known concentration
by the summated peak responses (area or height units) which were taken from the associated pattern.
The concentration of PCB contaminants in samples is usually hand calculated by manually summating
the responses of the characteristic peaks and comparing them to the analogous summated peaks
designated in the arochlor standard.

Continuing Calibration - Calibration of the analytical system is performed three times daily: (1) preceding
the daily analyses, (2) mid-day and (3) after the daily analyses. Continuing calibration should be
conducted at a concentration level equal to the reported detection limits.

5.7.7 Sample Preparation

All samples must be extracted prior to chromatographic analysis. A suggested protocol for hexane
extraction follows:

Pipet 20 mL aqueous sample matrix into a 40 mL septum-seal vial; discard pipet.

Add exactly 2.0 mL hexane to the measured matrix aliquot.

Cap the vial and shake vigorously for 2 full minutes.

Set the vial aside and allow the contents to settle for 5 minutes.

Pipet off the supernatant extract into a labeled 2-dram septum-seal vial.

Gas chromatographic analysis is performed by directly injecting 2-5 ul of sample extract
onto the GC’s analytical column.

5.7.8 Gas Chromatography

Sample contaminants are first stripped from the matrix by means of hexane extraction (see
Subsection 5.7.7). A 2-5 ulL aliquot of the sample extract is introduced onto the head of a previously
conditioned analytical column by means of direct injection technique. The PCB compounds are resolved
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isothermally due to the affinity the PCB components have for the phases of the column’s packing as they
migrate (under fiow) through the analytical column. As the contaminants elute from the column, they
are recognized by an electron capture detector (ECD). Detector signals are then processed by an
integrator. As long as analytical conditions remain constant, each PCB pattern will elute at characteristic
retention times (RT). In this manner, sample contaminants are identified and quantified by comparison
to a run of standards of known concentration.

The following run conditions have been found to be practicai for the analysis of PCB compounds
analyzed by field screening techniques:

Run Parameter Setting
Injection Port Temperature 280°C
Isothermal Oven Temperature 215°C
Detector Temperature 300°C
Carrier Gas Flow 30 mL/minute

Under these conditions, arochlor-1260 will elute within 35 minutes.

Appropriate quantitation of sample contaminants is based upon the following formula:

Concentration (ug/L) = Z designated peak responses (sample) x RF x DF

Concentration standard

where: RF (Response Factor) = .
X designated peak responses std.

DF (Dilution Factor) is used when applicable

5.8 Field Screening of Polychlorinated Biphenyl (PCB) Compounds (Solid Matrix)

5.8.1 Overview

The following methodology describes a modification of SW846 Methods suitable for the determination
of polychlorinated biphenyl (PCB) contaminants in solid matrix samples.6 Via this methodology, a
5 gram portion of solid sample is extracted using rapid field techniques. A uL aliquot of sample extract
is then directly injected onto an analytical column for the isothermal resolution of target components.
The PCB pattern is recognized by an electron capture detector (ECD) with detector signals processed
by a previously programmed integrator (see Figure 4 for a list of Potential Target Compounds).

5.8.2 Summary of Methods

Low Level Analysis - Use of a 5 gram portion of sample matrix is suggested to achieve method detection
limits of approximately 100 ug/kg.

& (sws46 Methods 3550, 3580, and 8080).
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Medium Level Analysis - Sample dilutions are achieved by diluting a portion of the sample extract (as
above) in an appropriate volume of hexane.

5.8.3 Interferences

Interferences inherent to this procedure stem from four major sources: (1) impurities present in the
solvents used for extraction, (2) system artifacts caused by insufficient column conditioning (3) residual
contamination remaining on improperly cleaned glassware and (4) matrix interferences caused by co-
extracted organic matter.

Interferences in the analytical system are monitored by the analysis of method blanks. Method blanks
are analyzed under the same conditions and at the same time as standards and sampies, in order to
establish average background response.

Artifacts (which manifest themselves as carryover in the next analytical run) can also occur within the
analytical apparatus whenever a highly contaminated sample is introduced. To preclude this, injection
syringes are repeatedly flushed with solvent and the analytical column is baked for a short period of time
following each direct injection analysis.

5.8.4 Major Apparatus and Materials

in addition to the equipment listed in Subsection 5.7.4, the following device is required:

Oven - Constant temperature for use in the determination of moisture content.

5.8.5 Reagents

Methanol - Pesticide grade or equivalent.

Hexane - Pesticide grade or equivalent.

Neat Compounds - 96 percent purity or better for each arochlor of interest.

Oraanic-Free Water - Laboratory supplied or purchased.

Zero-grade Nitrogen - As carrier gas for the gas chromatograph (GC).

5.8.6 Calibration

Standard preparation, compound identification, integration and continuing calibration are accomplished
as outlined in Subsection 5.7.6.

5.8.7 Sample Preparation

All samples must be extracted prior to chromatographic analysis. A suggested protocol for hexane
extraction follows:

[ ] Weigh and tare a 40 mL septum-seal vial using an analytical balance.

° Add 5.0 grams of sample matrix to the vial; record weight.
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[ Pipet approximately 1.5 mL of organic-free water into the vial. (The water serves as a

wetting agent thus facilitating the transference of the PCB compounds from the soil matrix
into the methanol.)

° Pipet approximately 2 mL of methanol into the vial.

. Pipet exactly 2.5 mL of hexane into the vial. (By preference, the PCB compounds almost
exclusively partition into the hexane.)

° Cap the vial and shake vigorously for 2 full minutes (alternately, vial contents may be
sonicated). »

. Pipet oft the supernatant extract into a labeled 2 dram septum-seal vial.

° Gas chromatographic analysis is performed by directly injecting 2-5 uL of sample extract

onto the GC's analytical column.
5.8.8 Gas Chromatography

The same chromatographic theory and GC run conditions outlined in Subsection 5.7.8 are applicable to
the PCB analysis of solid matrix samples, with one modification.

Due to the need to correct the final value for moisture content, the quantitation of PCB contaminants in
solid matrix samples is calculated based upon the following formula:

Concentration (uglkg) = T designated peak responses (sample) x RF x 1/wt of sample extrackg) x final volume (mL) x 1% solids

Concentration Standard

where: RF (Response Factor) = ,
Z designated peak responses std.

% solids = 100 - % moisture

Wet wt. — Dry wt.
Wet wt.

% moisture = X 100

The protocol for determining percent moisture is presented in Subsection 5.12.

5.9 Field Screening Analysis of Ambient Air

5.9.1 Overview

The following methodology describes a modification of EPA Compendium methods suitable for the
determination of volatile organic contaminants in ambient air.” Via this methodology, an aliquot of
gaseous sample is routed through a packed sorbent tube. Volatile contaminants present in the gaseous
sample are adsorbed onto the packing within the sorbent tube. The contents of the sorbent tube are

7 (EPA Compendium Methods TO-1, TO-2, TO-3, and TO-12).
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subsequently desorbed (by action of heat and reverse gas flow) onto a suitable column housed by a pre-
programmed gas chromatograph (GC). The contaminants become separated and resolved as they travel
through the GC's column. Eventually, the contaminants elute through an appropriate detector. Detector
signals are processed and interpreted via a previously programmed integrator (see Figure 1 for a list of
Potential Target Compounds).
5.9.2 Summary of Method
The procedure described here is based upon the analysis of whole air samples collected in canisters or
Tedlar bags. However, this procedure can easily be adapted for the analysis of samples collected
directly on sorbent tubes or for source sample analysis using aliquot introduction into the GC via direct
gaseous injection or an appropriate size commercial sample loop.
5.9.3 Interferences
Interferences can result from many sources, considering the environmental settings of most hazardous
waste sites. However, most interfering impurities are artifacts originating from organic compounds within
the specialty gases and the plumbing within the trapping/desorption device. Interferences in the
analytical system are monitored by the analysis of inert gas method blanks. Method blanks are analyzed
under the same conditions and at the same time as standards and samples, to establish an average
background response.
5.9.4 Major Apparatus and Materials
Purge and Trap Device - Tekmar Company Model LSC-2 or Model 5000. Traps may be packed solely
with Tenax or alternately, trap packing may consist of 1.0 cm of 3 percent OV-1, 15 cm of Tenax and
8 cm of silica gel. Appropriate trap selection is contingent upon the target compounds being analyzed.
Gas Chromatograph - Hewlett Packard 5890 or equivalent. The analytical system should be equipped
for temperature programming, packed and/or capillary column analysis and on-column injection.
Detector - PID/FID or PID/HECD in series; FID only. Optimum detector selection should be based upon
the sensitivities of the target compounds being anaiyzed.
Analytical Column ~ Glass or stainless steel packed with 1 percent SP-1000 on 60/80 mesh Carbopack B.
Alternately a suitable capillary column may be used.
Syringes - Assorted: 5 ul, 25 ul, 100 uL, 1 mL, 10 mL.
Volumetric Flasks - 10 mL, 25 mL, 100 mL.
Tedlar Bag - For making gaseous standards.
Flow Meter - For use in measuring the exact volume of gas introduced to the Tediar.
Analytical Balance - Capable of accurately weighing 0.0001 g.
Vacuum Pump - Low draw, positive seal.
Refrigerator - Separate for sample and standard storage. Capable of maintaining a stable temperature
of 4°C.
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5.9.5 Reagents
Methanol - Pesticide grade or equivalent.

Organic-Free Water - Supplied by laboratory or purchased.

Neat Solvents - 96 percent purity or better for each compound of interest.

Ultra-high Purity Nitrogen - For use in generating standards and method blanks.

5.9.6 Calibration

Standards. Calibration standards containing the compounds of interest are prepared in methanol by
either diluting commerciaily purchased stock standard mixes or by creating in-house standards from pure
solvents. In-house calibration standards are prepared gravimetrically, in that an appropriate uL aliquot
of each target compound is introduced into a known volume of methanol. The appropriate uL aliquot
of compound is based upon the compound’s density and response to the selected detector. The
calibration standards should be created at such a level that a 5-10 uL spike into a 1 liter Tedlar bag filled
with nitrogen yields a concentration of 10 ug/L based upon the analysis of a 500 mL aliquot. Aliquots

are evacuated onto a clean trap. Alternately, commercially prepared stock calibration gases may be
used.

Peak Identification. Compound identities may be substantiated by the analysis of each individual
component thereby documenting compound retention time.

Initial Linearity. An initial three-point calibration curve is generated by the trapping and analysis multiple
aliquots of calibration standard. For example, if the calibration standard is created such that analysis of
a 500 mL aliquot of standard vyields results at the level of the reported detection limits, a three-point
calibration curve may be achieved by the analysis of 500, 700 and 1,000 mL aliquots.

Integration. Calibration of the analytical system is achieved via the external standard method in which
response factors (RF) for each compound are obtained by the analysis of a standard mix of known
concentration. Following the analysis of this known standard mix, an electronic file is created
establishing each peak’s identity, retention time, RF, and known concentration. The RF for each target
compound is determined by dividing the known concentration by the associated peak response (area
or height units). For initial calibration, each compound’s average response factor is determined by
averaging the peak response results generated for the initial linearity study. These average response
factors are programmed into the integrator to allow for direct concentration reading of contaminants
found in subsequent sample analyses.

Continuing Calibration. Calibration of the analytical system should be updated three times daily:
(1) preceding the daily analysis, (2) mid-day and (3) after the daily analyses. Continuing calibration
should be conducted at a concentration level equal to the reported detection limits.

5.9.7 Gas Chromatography

Preconcentration of sample contaminants is achieved through the trapping process in which the volatile
contaminants are adsorbed on to a sorbent trap. The affinity that the volatilized organic contaminants
have for the special packing inside the sorbent tube cause them to be retained within the tube (i.e.,
adsorbed onto the packing) while other components of the gaseous aliquot pass through the tube.
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Desorption of the adsorbed contents of the sorbent trap onto the head of a previously conditioned GC
analytical column, allows for subsequent analysis by temperature-programmed gas chromatography.
The desorbed contaminants are first held at constant temperature (usually in the range of 45-55°C) at
the head of the analytical column for a period of 3-5 minutes. After this initial time period, the GC oven
temperature is raised at a constant rate (usually 8-15°C/minute) until a final temperature of 200-225°C
is reached. The final temperature is customarily held for a period of 3-10 minutes.

The preferential affinity of the volatile contaminants to either the analytical column’s mobile or stationary
phase, the effect of elevated temperature and the action of carrier gas flow through the column cause
the volatile contaminants to become separated and resolved allowing them to elute in bands through the
selected detector. As long as analytical conditions remain constant, each type of volatile component will
elute at a characteristic retention time (RT). In this manner, sample contaminants are identified and
quantified by comparison to a run of standard of known concentration.

The quantitation of volatile contaminants is calculated based upon the following formula:

Concentration sample (ug/L) = Target peak response (sample) x RF x DF

Target concentration standard (ug/L)

where: RF (Response Factor) =
Target peak response std.

DF (Dilution Factor) is used when applicable

5.10 Field Screening Analysis of Volatile Contaminants in Soil Gas Matrix

5.10.1 Overview

The following methodology describes a modification of SW846 and EPA Compendium methods as
applied to the determination of volatile organic contaminants in soil gas.8 Via this methodology, a
sorbent tube containing previously trapped volatile organic contaminants obtained via the sampling of
soil gas matrix, is subsequently desorbed (by action of heat and reverse gas flow) onto a suitable
analytical column housed by a pre-programmed gas chromatograph (GC). The volatile organic
contaminants become separated and resolved as they travel through the GC's column. Eventually, the
contaminants elute through an appropriate detector. Detector signals are processed and interpreted via
a previously programmed integrator. Figure 1 provides a list of Potential Target Compounds.

5.10.2 Interferences

Interferences can result from many sources, considering the environmental settings of most hazardous
waste sites. However, most interfering impurities are artifacts originating from organic compounds within
the specialty gases and the plumbing within the trapping/desorption device. The presence of air
molecules and excessive water vapor and/or the degradation of the trap packing can also account for
many artifacts.

8 (sws46 Method 5040; EPA Compendium Methods TO-1, TO-2, TO-3, and TO-12).
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Interferences in the analytical system are monitored by the analysis of inert gas method blanks. Method
blanks are analyzed under the same conditions and at the same time as standards and samples, to
establish an average background response.

5.10.3 Major Apparatus and Materials
Purge and Trap Device - Tekmar Company Model LSC-2 or Model 5000. Traps may be packed solely

with Tenax or, alternately, trap packing may consist of 10 cm of 3 percent OV-1, 15 cm of Tenax and
8 cm of silica gel. Appropriate trap selection is contingent upon the target compounds being analyzed.

Gas Chromatograph - Hewlett Packard 5830 or equivaient. The analytical system should be equipped
for temperature programming, packed and/or capillary column analysis, and on-column injection.

Detector. PID/FID or PID/HECD in series; FID only. Optimum detector selection should be based upon
the sensitivity to the detector for the target compounds being analyzed.

Analytical Column. Glass or stainless steel packed with 1 percent SP-1000 on 60/80 mesh Carbopack B.
Alternately a suitable capillary column may be used.

Syringes - Assorted gas tight 5 ul, 25 gL, 100 uL, 1 mL, 10 mL.

Volumetric Flasks - 10 mL, 25 mL, 100 mL.

Tedlar Bags - For making gaseous standards.
Flow Meter - For use in measuring the exact volume of gas introduced to the Tedlar bag.

Analytical Balance - Capable of accurately weighting 0.0001 g.

Vacuum Pump - Low draw, positive seal.

Refrigerator - Separate for sample and standard storage. Capable of maintaining a stable temperature
of 4°C.

5.10.4 Reagents
Methanol - Pesticide grade or equivalent

Organic-Free Water - Supplied by laboratory or purchased.

Neat Solvents - 96 percent purity or better for each compound of interest.

Ultra-high Purity Nitrogen - For use in generating standards and method blanks.

5.10.5 Calibration

Standard. Calibration standards containing the compounds of interest are prepared in methanol by either
diluting commercially purchased stock standard mixes or pure solvents. In-house calibration standards
are prepared gravimetrically in that a ul aliquot of each target compound is introduced into a known
volume of methanol. The appropriate uL aliquot of compound is based upon the compounds density
and response to the selected detector. The calibration standards should be created at such a level that
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a 5-10 ul spike into a 1-liter Tedlar bag filled with nitrogen yields a concentration of 10 ug/L based upon
the analysis of a 500 mL aliquot. Aliquots are evacuated onto a clean trap . Alternately, commercially
prepared stock calibration gases may be used.

Peak ldentification. Compound identities may be substantiated by the analysis of each individual
component thereby documenting compound retention time.

Initial Linearity. An initial three-point calibration curve is generated by the trapping and analysis of
muitiple aliquots of calibration standard. For example, if the calibration standard is created such that
analysis of a 500 mL aliquot of standard yieids results at the level of the reported detection limits, a three-
point calibration curve may be achieved by the analysis of 500, 700 and 1,000 mL aliquots.

Integration. Calibration of the analytical system is achieved via the external standard method in which
response factors (RF) for each compound are obtained by the analysis of a standard mix of known
concentration. Following the analysis of this known standard mix, an electronic file is created
establishing each peak's identity, retention time, RF, and known concentration. The RF for each target
compound is determined by dividing the known concentration by the associated peak response (area
or height units). For initial calibration, each compound's average response factor is determined by
averaging the peak response results generated for the initial linearity study. These average response
factors are programmed into the integrator to allow for direct concentration reading of contaminants
found in subsequent sample analyses.

Continuing Calibration. Calibration of the analytical system should be updated three times daily:
(1) preceding the daily analysis, (2) mid-day and (3) after the daily analyses. Continuing calibration
should be conducted at a concentration ievel equal to the reported detection limits.

5.10.6 Sample Preparation

Prior to the desorption and analysis of previously trapped soil gas contaminant tubes, the introduction
of a surrogate spike compound via a short purge is recommended. In addition to enhancing quality
assurance, this short purge cycle allows inert gas molecules to replace potentially destructive air
molecules still entrained within the trap tube. The surrogate spike compound should be introduced to
the trap via the following procedure:

] Program the Tekmar LSC-2 device for a 3 minute purge, 3 minute desorb and 8 minute
bake cycle.

. Insert a previously trapped soil gas contaminant tube.

] Spike 2 ul of an appropriate surrogate spike solution (such as 1 ug/uL 2-bromo-1-
chloropropane) into a glass sparge vessel containing 20 mL organic-free water.

] Purge the surrogate spike onto the trap. Desorb and analyze.
5.10.7 Gas Chromatography

Preconcentration of soil gas matrix contaminants is achieved through the sampling process in which the
volatile contaminants are adsorbed onto the sorbent trap. The affinity that the volatile organic
contaminants have for the special packing inside the sorbent tube cause them to be retained within the
tube (i.e., adsorbed onto the packing) while other components of the gaseous matrix pass through the
tube. '
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Following the addition of a surrogate spike compound, the adsorbed contents of the sorbent trap are
desorbed (by action of heat and reverse gas flow) onto the head of a previously conditioned GC
analytical column. The desorbed contaminants are first held at constant temperature (usually between
45-55°C) for an initial time period of 3-5 minutes. The desorbed contaminants are subsequently analyzed
by temperature-programmed gas chromatography in which, following the initial hold, the GC oven
temperature is raised at a constant rate (usually 8-15°C/minute) until a final temperature of 200-225°C
is reached. The final temperature is customarily held for a period of 3-10 minutes.

The preferential affinity of the volatile contaminants to either the analytical column’s mobile or stationary
phase, the effect of elevated temperature and the action of carrier gas flow through the column cause
the volatile contaminants to become separated and resolved allowing them to elute in bands through the
selected detector. Aslong as analytical conditions remain constant, each type of volatile component will
elute at a characteristic retention time (RT). In this manner, sample contaminants are identified and
quantified by comparison to a run of standard of known concentration.

The quantitation of voiatile contaminants is calculated based upon the following formula:

Concentration sample (ug/L) = Target peak response (sample) x RF x DF

Target concentration standard (ug/L)
Target peak response std.

where: RF (Response Factor) =

DF (Dilution Factor) is used when applicable

5.11 Quality Assurance/Quality Control (QA/QC)

5.11.1 Overview

Field screening generates Level Il data. As Level Il data, the concurrent analysis of laboratory duplicates
and matrix spike analyses and the use of surrogate spike compounds is not required. However, beyond
the maintenance of practical Standard Operating Procedures (SOPs), certain elements of quality control
(if opted) can greatly enhance the interpretation of and the confidence in the data generated. These
traditional elements of quality control are discussed here as to how they are adapted to meet the
demands of a successfully applied field screening QA/QC program.

The primary purposes of an appropriate QA/QC program are to: (1) substantiate system performance
and give credence to the accuracy of the results generated, (2) to define aberrations and give guidance
to the interpretation of data, and (3) to achieve these goals through realistic efforts that do not impede
the forward progress of the analytical set.

The discussion presented here deals with only direct analytical quality control. Additional elements of
QA/QC, such as field duplicate sample submissions, blind spike analysis and external audits are not
discussed. Also not discussed are elements of QA/QC that are inherent to good chromatographic
technique. Examples of these accepted laboratory practices include (but are not limited to) the following:

. The proper conditioning of analytical columns and traps.
L Use of the solvent flush technique for the creation of standards and for direct injections.
[ The appropriate maintenance of selected detectors.
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Details regarding these accepted practices are given in the referenced methodologies.
5.11.2 Holding Times

The primary purpose of field screening is to provide cost-effective, specific data on a near- to real-time
turn-around basis. For this reason, samples submitted to the mobile laboratory should be analyzed as
soon as possible. Samples awaiting analysis are stored at 4°C in a dedicated refrigerator. f, because
of loading, it is not possible to analyze all sampies taken daily, the following holding times are suggested:

Type of Sample Holding Time
VOA (aqueous matrix) Seven days prior to analysis
VOX (soil matrix) Ten days prior to analysis

SEMI, PEST, and PCB (aqueous matrix) Five days prior to extraction; analysis within 30 days

SEMI, PEST, and PCB (soil matrix) Five days prior to extraction; analysis within 30 days

5.11.3 Sample Sets

Analyses should be conducted in sets of ten, whenever possible, with one laboratory duplicate spike
analysis run per set. Each set of sample analyses should be bracketed by the analysis of a standard,
with a method blank analysis following each standard run.

The number of analyses per sample set and the associated QA/QC varies per contract. The project
work plan should be consulted to verify that all contractual obligations were met.

5.11.4 Continuing Calibration

Standards run for continuing calibration purposes should be analyzed at a level equal to the reported
detection limits. Continuing calibration response factors for each parameter should fall within
25 percent D of the average response factor calculated for that particular compound during the initial
linearity study (see Figure 5). Data associated with individual parameter not meeting the 25 percent D
criteria should be flagged as suspect.

5.11.5 Laboratory Duplicates

One laboratory duplicate should be analyzed per sample set. Laboratory duplicate analyses should
generate results within 30 percent RPD (see Figure 5).

5.11.6 Matrix Spike Analyses

Matrix spikes should be conducted at a level of 1-4X the concentration of the reported detection limits.
One matrix spike analysis should be run per every 20 samples. Advised recovery ranges vary with

respect to the compound being analyzed. Recoveries of 35-150 percent are generally acceptable (see
Figure 5).
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FIGURE 5

QC COMPUTATIONS

% RSD (Relative Standard Deviation) = % x 100

. N - x)2
where: SD = (X'_
Y N

X = mean of initial four response factors (per compound)

D, -D
% RPD (Relative Percent Difference) = 1 2 x100
Oy +D3) / 2

where: D, = First Sample Value

D, = Second Sample Value

X1 - X x 100

% D (Percent Difference) =
1

where: X, = RF (Response Factor) of first result

X, = RF of Second Result

% R (Percent Recovery) = S_Sigﬂ x 100

where: SSR = Spike Sample Results
SR = Sample Result
S = Amount of Spike Added
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5.11.7 Surrogate Spikes

The use of at least one surrogate spike compound is highly recommended. The identity, concentration
and addition of the appropriate surrogate spike varies with the procedure being used. Each associated
referenced methodology should be consulted for guidance. Surrogate spike recoveries should fall within
+30 percent (see Figure 5). Sample analyses yielding recoveries outside this 30 percent window should
be reanalyzed or the associated data should be flagged as suspect.

5.11.8 Initial Linearity

An initial linearity study is performed as described in each adapted methodology. The associated
response factors should all fall within <20 percent RSD (see Figure 5). Standard runs yielding data that
does not meet the <20 percent RSD criteria should be reanaiyzed.

5.11.9 Method Blanks

Method bianks are prepared and analyzed in exactly the same manner as sample matrices. A method
blank analysis should follow every standard run and sample of high concentration. Ideally, method blank
results should yield no interferences to the chromatographic analysis and interpretation of target
compounds. If interferences are present, associated data should be qualified as suspect and/or target
detection limits should be adjusted accordingly.

5.11.10 Detection Limits
The appropriate method detection limit (MDL) for an adapted methodology may be statistically calculated
using results generated for the initial linearity study and continuing calibrations, or, method detection

limits may be substantiated by the analysis of a iow standard at the level of the anticipated MDL.

5.12 Supplemental Protocol: Percent Moisture Determination

A moisture correction factor (MCF) is used to adjust the value generated for the amount of contaminant
present in a solid matrix sample, so that the value reflects the true (dry weight) concentration of
contaminant. Moisture content is determined gravimetrically. The following protocol is suggested for
determining percent moisture:

° Mark and weigh an aluminum weighing pan using an analytical balance. Record weight;
tare balance.

] Place 5-10 grams of matrix (free from unrepresentative pebbles and organlc matter) into the
pan; record weight.

. Place the pan and its contents into a drying oven heated to 103°C.

° Dry the matrix for a period of 4-6 hours (or until weight is constant).

L Remove the pan from the oven and allow to cool to room temperature.
° Weigh the pan and record the weight.

] Calculate percent moisture and the MCF.
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5.13

Supplemental Protocol: Field Screening Validation

field screening data.

6.0 REFERENCES

(EPA 600 Series methods):

The validation process serves as an independent check thus ensuring the proper performance of all
QA/QC measures. Figures 6 and 7 illustrate a validation protocol that is suitable for the evaluation of

“Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater," EPA-600/4-82-057.

Method

Title

601

Purgeable Halocarbons

601

Purgeable Aromatics

604

Phenols

606

Phthalate esters

608

Pesticides and PCBs

610

Polynuclear Aromatic Hydrocarbons

612

Chlorinated Hydrocarbons

624

Purgeables

625

Base/Neutrals, Acids, and Pesticides

(SW846' preparative methods):

“Test Methods for the Evaluation of Solid Waste," SW-846, EPA Publication No. 955-001-00000-1.

Method

Title

5030

Purge and Trap Technique (Methanol Extraction)

5040

Protocol for Analysis of Sorbent Cartridges

3580

Waste Dilution
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FIGURE 6

BROWN & ROOT ENVIRONMENTAL/FIELD SCREENING

VALIDATION PROTOCOL

Verify that samples were handled in sets of ten or less.

Verify that at least one laboratory duplicate was run once every ten samples.

Verify that one matrix spike analysis was performed once every 20 samples.

Ensure that at least one surrogate spike compound was used.

Substantiate daily initial calibration table.

Determine if at least one standard was run every 8 hours and that a calibration standard was run

after every set of 10 samples (plus QC runs).

Check standard tracking form to ensure that parameter response factors fall within 25 percent of
the initial calibration. If parameters exceed 25 percent value, check to see how problem was
corrected and verify all reported results for that parameter were flagged as suspect.

Check that method blanks were run after every calibration and every sample of high concentration.

Verify that any system artifacts were tracked and reported.

Verify that reported detection levels have been properly substantiated.

Evaluate chromatograms of target compound peaks for proper identification. (Check peak shapes

and shoulders.)
Check quantitations of approximately 20 percent of samples.
Verify if statistics have been calculated for the data package.

Verify retention time window.

Determine if each chromatogram reports the following information:

Sample name/number

Date/time of analysis

Laboratory duplicate designation (if applicable)
Matrix spike designation (if applicable)
Concentration/dilution value recorded (if applicable)
Retention time reported at apex of each peak

@ Toao0om

height..

Chromatographic report generated includes peak name, retention time, peak area or peak
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FIGURE 6
BROWN & ROOT ENVIRONMENTAL/FIELD SCREENING
VALIDATION PROTOCOL
PAGE TWO
15.  Verify that package Operations Record contains the following information:
a. Purge, desorb, and bake time of sample concentrator
b. GC flow rate, attenuation, rangé, initial temperature, initial time, ramp, final temperature, final

time; injection temperature and detector temperature.

16.  Verify that chain of custody was maintained.

17.  Verify that package narrative relates all pertine